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MERICA’S DEPARTMENT OF 
the Navy comprises two 








armed services, the US 
Marine Corps, and the US 
Navy. Each service has a large aviation 
element. The Department of Aviation, 
US Marine Corps and Naval Air Forces 
each command large fleets of aircraft, 
helicopters, tiltrotors, and unmanned 
air vehicles. Those forces continue to 
be deployed at both permanent shore 
bases and on Sea bases for temporary 
periods of time. 

Aviation in both the US Navy and the US 
Marine Corps is changing. The growing 
fleet of Lockheed Martin F-35 Lightning 
ll stealth fighters is the biggest shot in 
the arm by way of capability increase 
from both an intelligence gathering and 
kinetic effects perspective. But other 
highly capable weapon systems are under 
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Carrier air wings comprise dozens of 


, Super Hornet strike fighters, Growler 

: electronic warfare aircraft and Hawkeye 

7 command and control platforms. In the 

3 future, the world’s first unmanned, carrier- 
7 capable tanker, the MQ-25 Stingray, will 

: join the ranks of an air wing. 


Marine Expeditionary Units already 


: deploy onboard US Navy amphibious 

7 assault ships equipped with complements 
of aircraft and helicopters a world away in 
: capability terms to those of ten years ago. 


But platform types are not the only 


things changing. 


New concepts for distributed operations 


: are being implemented. The US Marine 
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: developmental test or have entered 
: the fleet. 


Mark Ayton, Editor 
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: Corps is evolving the Expeditionary 

7 Advanced Base Operations concept for 

7 deploying forces to austere locations, and the 
7 US Navy continues its Distributed Maritime 

| Operations doctrine. This is intended to 

7 enable a force capable of winning a fleet- 

size engagement by using manned and 

7 unmanned systems and deceptive tactics for 
: offensive strikes. 


The US Navy and Marine Corps Air Power 


: Yearbook 2021 covers all the latest types 
| in service with America’s sea services, 

3 new weapon systems and dips into the 

: operational doctrines now in effect. 
F-35B stealth fighters, AH-1Z gunships and 
| MV-22B tiltrotors have transformed the 
: collective capability of a MEU. 
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88 T-45C Goshawk School based at Naval Air Station Patuxent 7 sustain the US Navy's Super Hornet fleet. 

: River, Maryland. 3 


13 Black Knights _ 62 Block lt Super 


We spoke with Lieutenant Colonel 3 4 Ta | D rd Q Q Crs H Orn et 


Brendan Walsh about Marine Fighter Attack Two piston-engine aircraft are in 3 Lon Nordeen provides an overview of the Block 
Squadron 314, the first US Marine Corps : service with the US Naval Test Pilot School-the : III F/A-18 Super Hornet, a fighter destined to 
F-35C squadron. : NU-1B Otter and U-6A Beaver. : take its part in the future of US naval aviation. 


UNITED STATES NAVY AND MARINE CORPS YEARBOOK 2021 





Naval Air Systems Command 





Naval Air Systems Command/Erik Hildebranat 
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Naval Air Systems Command/Erik Hildebrandt 





£ © vamming ON OMV-22B 

ey GD Mark Ayton provides an overview | y E VI r) Q th C DB O | 
of the EA-18G Growler electronic attack 3 Mark Ayton profiles the US Navy's newest 
aircraft and Raytheon’s Next Generation 7 aircraft, the CMV-22B Osprey designed for the 
Jammer - NGJ-MB. : role of carrier onboard delivery. 

"7 AW Thrasher - QO loactical Aircraft 

ge"W Editor, Mark Ayton spoke with 3 yAe. Te SUN Q 
Captain Holly Shoger, PMA-273’s programme 3 An overview of Naval Air Systems Command's 
manager for the all-new TH-73 training 7 fixed wing tactical aircraft test squadron VX-23 
helicopter. 3 and its current programmes associated with 


— : the EA-18G Growler, F/A-18 Super Hornet, and 
whe, Red | ILY : the F-35 Lightning ll. 


#@ UnmannedAeridl = _ 
Refuelling - S01 A Orders of Battle 


We detail the latest activitiesinthe US Navy's : Ht ww » Tom Kaminski provides an 
nascent MQ-25 Stingray unmanned aerial : order of battle for United States Marine Corps 


vehicle programme. : Aviation and United States Naval Air Forces. 
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DISTRIBUTED 


OPERATION 





Mark Ayton looks at the concepts of operation and strategic doctrines currently 
followed by the aviation elements of the US Navy and US Marine Corps. 


HE DEPARTMENT OF 
the Navy (DON) serves as 


It is tasked to respond 
to crises as a Single unit 
wherever and whenever. That means 





the DoN must operate weapon systems 
necessary to secure vital sea lanes and 
fight fleet-size engagements. 

In his statement to the House Armed 
Services Committee on February 27, 
2020, Thomas Mody, acting secretary 
of the Navy said: “The re-emergence of 


long-term great power competition, the 


evolving character of that competition, 

and the accelerating advancements 

in technology are spurring a period 

of transformation in the strategic 

environment, requiring us to adapt 

our integrated naval force design and 

operating concepts to new realities. 
“Thus far this century, terrorist groups 

and rogue states have dominated our 

perception of the threat environment. 

These threats were lethal but did 

not pose an existential threat to our 


America’s forward-deployed, 
global manoeuvrable service. 


: national security. China and Russia 

3 present a different challenge, as each 

3 continues to develop sophisticated 

7 military capabilities backed by sizable 

3 economies. Their investments in surface, 
3 air, and undersea platforms have 

3 significantly increased the potential for 

3 kinetic conflict...China’s battle fleet has 


3 the last decade, and China's commercial 
: shipbuilding grew over 60% year-over- 
: year from 2007-2017. 


“Our nation’s continued prosperity and 


3 economic growth increasingly depend 
3 on open and secure access to the sea 

3 lanes. Maritime traffic has increased 

3 four-fold over the last two decades, 

3 with 90% of all global goods transiting 
3 shipping lanes, including new trade 

3 routes opening through the Arctic... 

: A dominant naval force is central to 

3 the effective execution of the National 
3 Defense Strategy in a changing world.’ 


Outlining the need for America’s sea 


3 services to integrate their operations to 
: agreater extent, Modly said: “We must 
: transform from our present two-service 
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: Above: Asa 

: landing craft 

: approaches the 
: USS Anchorage 
: (LPD 23) well 

: deck, marines 

: and sailors 

: aboard the 

: ship prepare 

: equipment for 

| : embarkation 

: grown from 262 to 335 surface ships over : a¢ part of 
: Expeditionary 

: Advanced Base 
: Operations. US 
: Marine Corps/Sgt 
: Logan Block 





: model into one true expeditionary force 

: in readiness, with the navy and marine 

: corps operating together with integrated 
7 planning, design, training, and execution 
3 at every echelon and in every domain... 

7 Our integrated naval force must maintain 
| the readiness and lethality to respond 

3 anywhere at any time. We will achieve 

: this through a global operating model 

3 that ensures the continual posture, 

3 presence, and readiness of our personnel 
: and platforms. We will dominate the 

: fight to get to the fight, with forward 

3 basing, distributed maritime capability, 

7 fully integrated logistics, and continual 

| aviation readiness.’ 


In pursuit of a 355-ship surface fleet, 


3 the DON is proposing to shift funding 

7 from high-end platforms to a larger 

3 number of smaller, highly capable ships. 
3 If realised, such a move would enable 

| the US Navy's fleet to have a broader 

3 presence, with new classes of ships, 

: reduced manning, and longer reach 

: through hypersonic weapons, greater 

3 use of stealth technology, and advanced 
: anti-ISR capabilities. 


Key to making this doctrine work lies 
in the shift to larger naval expeditionary 
force capabilities and the restoration of 
the Fleet Marine Force with distributed, 
rapidly deployable, and fully integrated 
capabilities, as opposed to the current 
land and surge-based posture. 

To meet the doctrinal shift, certain 
aviation weapon systems will be key. 
Those currently under development 
are the F-35B Lightning II strike fighter, 
and the CH-53K King Stallion heavy-lift 
helicopter. 

Each sea service has its own concept 
for distributed operations. 


Expeditionary 
Advanced Base 
Operations 

The US Marine Corps is already 
implementing a new naval operational 
concept called Expeditionary Advanced 
Base Operations, dubbed EABO. 
Mitigating peer competitors’ anti-access/ 
area denial capabilities with a more 
survivable, resilient, and persistent 
forward-postured force lies at the heart 
of the concept. 


: Below: MV- 

: 22B Ospreys 

: assigned to 

: Marine Medium 
: Tiltrotor 

: Squadron 262 
: (VMM-262) 

: land on the 

: flight deck of 

: the amphibious 
: assault ship 

: USS Kearsarge 
: (LHD 3) during 
: Large-Scale 

: Exercise 2021 0n : 
: August 2, 2021. 
: The global, 

: integrated 

: exercise was 

: staged to test 

: advanced 

: warfare 

: concepts across 
: the full range of 
: maritime and 

: amphibious 

: Ops under the 

: Distributed 

: Maritime 

: Operations 

: concept. US 

: Navy/Mass 

: Communication 

: Specialist Seaman 
: Taylor Parker 


According to the current US Marine 


: Corps Aviation Plan:“The EABO concept 
: is designed to re-establish the force 

7 credibility required to have a deterrent 

: effect. Using key maritime terrain in 

3 the vicinity of close and confined seas, 

= EABO provides decision-makers with 

: sea denial options that are coercive, 

but not escalatory. The EABO concept 

: is comprised of low-signature, mobile, 

: relatively low-cost capabilities operating in 
: expeditionary and temporary locations.’ 


The US Marine Corps says the EABO 


! should provide the Joint Force Maritime 

7 Component Commander with sea denial 

? options by using all available basing 

3 options to position and operate aircraft 

, to conduct all six functions of US Marine 

3 Corps aviation: air reconnaissance, anti-air 
warfare, assault support, control of aircraft 
: and missiles, electronic warfare, and 

3 offensive air support. 


DistrioUted Maritime 


- Operations 

: The US Navy on the other hand is 

7 continuing with a concept known as 

: Distributed Maritime Operations (DMO) 
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: for which all components of Naval Air Forces 
: must adapt. 


The DMO concept is designed to provide 


; localised sea control and generate larger 

3 combat effects by increased offensive power 
7 of the individual components of the naval 

: force. For a multitude of reasons, the US 

3 Navy has provided few details about the 

| DMO concept. 


The US Navy’s fundamental force element 


: (FFE) is the individual carrier strike group. 

3 Under the DMO concept each individual 

3 carrier strike group and a numbered fleet, 

3 potentially equipped with unmanned, 

3 command and control, offensive mine 

3 warfare, targeting, and advanced 

3 autonomous/semi-autonomous sustainment 
3 systems, will form the FFE and operate in 

3 accordance with DMO doctrine. 


As topics, concepts of operation and 


3 doctrines can appear to be very theoretical 

7 and wordy. However, EABO and DMO are up 
3 and running with the US Marine Corps and 

: the US Navy ata strategic and tactical level 

3 and involve the operational deployment 

3 of all the combat-coded types of aircraft, 

: helicopters, tiltrotors, and unmanned 

3 weapon systems covered in this title. = 





KC-130J HERCULES 





Above: A KC- 
130J Hercules 
assigned to 

the Special- 
Purpose Marine 
Vier Cigelelate 
EY) Gael cq-e@ git 
Response- 
Africa, trails 

a second 
KC-130J while 
oy areterad late e-| 

_ formation flight 
near Moron Air 
Base, Spain. US 


DelalciltouD) ela 





HE LOCKHEED MARTIN. 

GEN ECLOB Mel al.<lende-lary ele) ar 

is currently in service with 
the active component's 
three Marine Aerial Refueler 
i ig-Jebs eke)amere(er-lel colar mauiuiciae 


3 152, VMGR-252, and VMGR-352) and 

; one of its two reserve squadrons 

: (VMGR-234). A second (VMGR-453) is in 
3 transition from the KC-130T. 


One active-duty squadron is assigned 


Marine Corps/1st Lt 3 to each of the three active component 
: Marine Aircraft Wings. The two reserve 
: Component squadrons report to the 


: reserve’s 4th Marine Aircraft Wing. 


Tale-\e(ofidte)ameon e)ce)Vicelialem-(-1ar-lmcaiieaiiiiare 


. for the Marine Air-Ground Task Force's 

: fixed-wing, tiltrotor, and rotary wing 

3 aircraft, the Hercules conducts aviation- 

: delivered ground refuelling, combat 

3 assault transport, air delivery, aviation 

3 delivered battlefield illumination, close air 
: support, armed overwatch, and multi- 

3 sensor imagery reconnaissance, under all- 
: weather conditions ol Talal m=).¢el=celiaie)al-lay/ 
7 fte)iniemeymee)anleliat-eKe)er-ic-le(eatmicelan 

7 expeditionary shore-based sites. 


The KC-130J first entered service with 


3 Marine Aerial Refueler Transport Squadron 


: 252 (VMGR-252) based at Cherry Point, 
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: North Carolina in 2001 and achieved 

: Tali ats|me) el=1¢-14(e)at-] mer) @y-16)|15ValaW4ele oem 161) 

3 (0) f=) =) 4(0)pr-]mer-] @y-10)| Nigvace)|(e ue MAN Nie)Yc)anlel=1§ 
7 2011. The KC-130J made its initial combat 

: o {=J0)(e)2an(=1al mance] ©) ele) ame)m@)el-1c-lu(eanle-\e] 

7 _ Freedom in February 2005, when six aircraft 

3 were deployed to Al Asad Air Base in Iraq. 


The KC-130J is powered by four Rolls- 


3 Royce AE2100D3 engines, each rated at 
3 4,637shp, and equipped with six-blade 
3 GE Aviation Systems (formerly Dowty 

3 Aerospace) R391 propellers. 


IAiion @e)o)ar-lanvatelce (alan (cine alle-tsmeel0) 
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KC-130J to transfer fuel to two aircraft 
simultaneously. 

When configured for the tactical 
transport role, a KC-130J can carry up 
Kobe VAe|c0)0] ale ms cele) oe) mor-m ey-]¢-14cele) ea: 
ale mre [Ulle)aat=iplewavitcigar-lahYcl \mualcne|ic@lcclat 


can be configured to carry up to 74 litter »: 
wer lplek-Ve(=)0)(e) ae Rigi (asm-leclime(itenlancale 


patients and medical staff for medical 
evacuation missions. 
The KC-130J inventory objective | 

includes 86 aircraft. Under the latest — 

Headquarters US Marine Corps initiative, 

75 aircraft are designated as primary 

mission aircraft inventory (PMAI), ten as 

backup aircraft inventory (BAI), with one 


: designated as primary development/test 
: aircraft inventory (PDA\). 


Each of the active-duty and reserve 


7 component squadrons have.15 PMAI and 

: two BAI aircraft assigned. Assignment of 15 
7 PMAI KC-130Js allows the three active-duty 
3 YoU r-Yo|co)acnconi(-\(ek- WM Pax-]car-limee)¢-xe U-le ice) : 
its transition to the KC-130J in May 2020 

3 and transferred its final T-model to the US 
~ Naval Air Reserve's Fleet Logistics Support 
“Squadron 55 (VR-55) based at Point 


The FY2021 budget request included 


3 five aircraft and the current Future Years 

3 Defense Program that runs through 

: toFY2025 will add 18 additional KC- —- 
: 130Js to the fleet with the final batch 

of three being ordered in FY2024 and 

: delivered in 2027. 





As part of its Force Design 2030,the 


3 UMSSIV Flal aren @e)gotme)t-lavncen-leler-Brelelaua 
: active-duty KC-130J squadron to its fleet. 


ADarclmane\ysneelel(om ce (Ulic-muat=u olUlc@al-Mi-ne)i 


3 additional airframes or a redesign of the 
: current fielding plan. 


Reserve squadron VMGR-452 began 


Mugu, California on April 14, 2021. This 
ilatelirelicele-lamte-lansiiclm@ssiear-liare Md \V Claes Pa 


3 Talidte] me) eY=) <1 4(e)al=] Mer] 0y-]e)|/1qVAm alsmyel0l-[e| cole 3 
: will reach FOC in FY2023. 
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Above: A KC- 
130J Hercules 
tanker seen 
from the 

back ramp 

of a second 
KC-130J while 
conducting a 
formation flight 
near Moron Air 
Base, Spain, 

on March 25, 
2015. US Marine 
Corps/1st Lt 
Danielle Dixon 


Below Left: An 
instructor and 
a load master 
prepare to 
deliver cargo 
from a KC-130J 
Hercules during 
a Weapons 

and Tactics 
Instructor 
course near 
Yuma, Arizona. 
US Marine Corps/ 
Chief Warrant 
Officer 3 Jorge 
Dimmer 


Far Right: A 
load master 
supervises 
cargo being 
air dropped 
from the back 
of a KC-130J 
Hercules near 
Yuma, Arizona. 
US Marine Corps/ 
Chief Warrant 
Officer 3 Jorge 
Dimmer 


Tae KC-130U is powered by four Rolls-Royce 


—" 
—< 


The KC-130J's aircraft survivability 


7 equipment currently includes the ALR- 

; 56M radar warning receiver, AAR-47E(V)2 
3 missile warning system (MWS), ALQ- 

3 157A(V)1 infrared countermeasures (IRCM) : 
; system and the ALE-47 countermeasures 3 
7 dispenser system. 


Harvest HAWK 


: According to the US Marine Corps: 

3 “Installation of the bolt-on/bolt-off 

3 ISR/weapon mission kit called Harvest 

3 HAWK (Hercules Airborne Weapons 

3 Kit), configures the KC-130J aircraft 

: into a platform capable of performing 

3 persistent targeting, multi-sensor imagery 
3 reconnaissance, and delivering precision 

7 fires using either Hellfire or Standoff 

; Precision Guided Munitions (SOPGM) such 


3 as the Viper Strike or Griffin. This mission 
3 kit is a complementary capability taking 
: advantage of the aircraft's endurance 

7 and range. 


Ten KC-130J aircraft are modified to 


: employ the six Harvest HAWK kits: five 

3 modified aircraft with three kits with 

3 VMGR-252, and five modified aircraft with 
: three kits with VMGR-352. 


All six baseline Harvest HAWK kits 


3 and ten baseline aircraft modifications 
: completed production in FY2014. 


The Harvest HAWK kit comprises a bolt- 


on/bolt-off, fire-control console with two 

: operator stations mounted in a removable 
3 cargo platform in the aircraft's cargo 

3 compartment, and an AAQ-30 target sight 
sensor is installed in the aft end of an 

3 empty external fuel tank, which reduces 
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_ AE2100D8 engines, each rated at 4,637shp 





: the aircraft's total fuel capacity to around 
7 42,000lb, and a common datalink. 


Aerial refuelling capability is retained 


3 using the aircraft's starboard air refuelling 

: pod; however, the port-side pod is 

3 displaced by a weapons pylon and an 

: M299 launcher that enables the aircraft to 
: carry four laser-guided AGM-114P2 Hellfire 
: Il air-to-surface missiles. 


The Harvest HAWK kit also allows the 


3 aircraft to launch Raytheon AGM-175 Griffin 
: and MBDA GBU-44 Viper Strike standoff 

3 precision-guided munitions from a 10-round 
| launcher installed on a modified paratrooper 
: door known as the‘Derringer Door’ 


An Operational, Safety, and 


3 Improvement Program (OSIP) of the 
: Harvest HAWK system, dubbed HH+, 
| is underway to provide funding to 





Right: KC-130J 
Hercules BuNo 
168069/BH 
assigned to 
Marine Aerial 
Refueler 
Transport 
Squadron 

252 based at 
Cherry Point, 
North Carolina 
gets airborne. 
It’s taking off 
from a desert 
runway, during 
a simulated 
launch from an 
expeditionary 
airfield as part 
of a Weapons 
and Tactics 
Instructor 
course. US 
Marine Corps/ 
LCpl Levi Voss 


Right: A KC-130J 
takes off froma 
desert strip on 
the Yuma range 
in Arizona. US 
Marine Corps/LCpl 
Rhita Daniel 





: address obsolescence issues including 
7 updating the battle management system's | 
: compatibility with the AGM-114P4 : 
: and AGM-114N4 Hellfire missiles and 

| provide integration with the AGM-179 

: Joint Air-Ground Munition. Additionally, 
3 it will replace the fire control console 

| with a mission operator pallet, replace 

| the TSS with the MX-20 electro-optical 

: and infrared imaging system located 

3 beneath the nose radome and restore 

3 the aircraft's capability to carry both air 

? refuelling pods and external fuel tanks 

: with a total of 58,500Ib of fuel thanks 

3 to the incorporation of anew weapons 

| pylon and outer wing station. It will 

7 install a common datalink and solve 

3 the communications gap. The fleet is 

3 expected to receive elements of the OSIP 
3 programme in two successive kits denoted : 
: A-Kits and B-Kits through to FY2024. 3 


Additionally, an upgrade of the Harvest 


7 Hawk with a beyond-line-of-sight 

: capability is under evaluation by Naval Air 
: Systems Command (NAVAIR) following 

7 a request for information issued on 

3 May 19, 2020, that covered the design, 

: manufacture, test, integration, and 

3 installation of the new Harvest HAWK Plus 
: BLOS standard kit. 
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NAVAIR’s request for information stated: 


| 3 “The BLOS upgrade addresses the void 


of battlespace commanders situational 


7 awareness by providing full-motion video 
and enhanced communications capability 
7 within the HH+ mission operator pallet 

: with via hardware and [Sierra Nevada 

: Corporation] Burma software modifications.’ ? 


During 2019, NAVAIR completed testing 
of the MX-20 and the mission operator 
pallet which were available on the first 
of the ten aircraft in FY2019. Testing 


Below: A KC-130J Super Hercules conducts a touch and go during a Weapons and Tactics Instructors course 
hosted by Marine Aviation Weapons and Tactics Squadron 1 from Marine Corps Air Station Yuma, Arizona. 
US Marine Corps/LCpl Rhita Daniel 
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: efforts continued with the transition 

, from the AGM-114P2A Hellfire to the 

: AGM-114P4 and AGM-114N4 versions, 
: followed in FY2020 with the AGM-179 
7 Joint Air-Ground Munition beginning. 
7 Modifications to the Harvest Hawk kit 

7 were ongoing with the nine remaining 


installs scheduled to start during 2021. 
Plans also call for adding a 30mm Mk44 


cannon to the kit beginning in 2023 under 
: the follow-on phase. <= 
: Tom Kaminski and Mark Ayton 








Mark Ayton spoke with Lieutenant Colonel Brendan Walsh about Marine 
Fighter Attack Squadron 314, the first US Marine Corps F-35C squadron. 
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Above: An 
F-35C assigned 
to Marine 
Fighter Attack 
Squadron 314 
photographed 
behind a KC- 


130J tanker. The 


refuelling took 
place en route 


to Marine Corps 


Air Ground 
Combat Center 
Twentynine 
Palms 

ahead of an 
expeditionary 
landing 
demonstration. 
US Marine Corps/ 
Cpl Cervantes 
Leilani 





HEN MARINE 
FIGHTER Attack 
Squadron 314 
(VMFA-314) ‘Black 
Knights’ was declared 
safe-for-flight on 


, March 20, 2020, the US Marine Corps’ 
2 first F-35C Lightning II was ready for 
: organic flight operations. 


Assigned to Marine Aircraft Group 11 


; (MAG-11) based at Marine Corps Air 

3 Station Miramar, San Diego, California, 

: VMFA-314 started a series of work-up 

| exercises with the objective of achieving 

7 initial operational capability (IOC). 

3 Following seven months of ever-complex 
3 flight operations, the Black Knights 

: declared IOC on November 3, 2020. 

3 As a milestone, IOC is an all-important 

7 point in a fighter squadron's work-up 

: to full operational capability (FOC). For 

3 commanding officer Lieutenant Colonel 
Walsh and the Black Knights, that day 

| arrived on June 30, 2021. To achieve FOC 

: declaration VMFA-314 had to meet specific. 


: metrics with respect to its staffing, supply 
| chain, training, and readiness status set 

: by the US Marine Corps Department of 

| Aviation. More specifically, it means VMFA- 
. 314 can fully operate as a Marine Fighter 

| Attack Squadron and conduct all the pre- 

3 requisite mission sets. 


Uniqueness 

: As the first US Marine Corps squadron to 

3 transition to the F-35C, VMFA-314 was 

3 unable to call upon a dedicated Marine 
Fighter Attack Training Squadron to train 

| its maintainers and pilots in the usual way. 
| Instead, pilots undertook initial training at 
3 Naval Air Station Lemoore, California with 
3 the US Navy's F-35C fleet replacement 

| squadron, Strike Fighter Squadron 125 

3 (VFA-125) ‘Rough Raiders: 


Explaining the process, Lt Col Walsh said: 


3 “Even though the US Marine Corps had a 

| lot of experience with the F-35B, the F-35C 
3 is a slightly different aeroplane, especially 
3 in handling emergencies. Our maintainers 


had to learn about the systems unique 
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: to the F-35C such as the launch bar, the 

3 wing folds, the different landing gear, the 
: arresting hook, and the fuel systems. The 
7 whole arrangement was unique. 


“During our time at Lemoore, we 


3 retained as much administrative, 

7 operational, and tactical control 

3 as possible, but memorandums of 

7 understanding had to be codified in 

: respective of working arrangements for 

3 Marines integrated into VFA-125’s specific 
7 shops for training. We broke the process 

3 into phases: coordination, sequencing 

: of training individual personnel, and 

3 achieving safe-for-flight designation, a 3rd 
3 Marine Aircraft Wing level maintenance 

3 inspection. 


“Part of standing up the unit involves 


? working with the base [Miramar] and its 
: command procedures that are required. 
: For example, how supplies are delivered, 
: how we integrate in the event of an 

| emergency such as a fire or a hazardous 
| material spill. Consequently, we couldn't 
7 complete the full transition at Lemoore 











F-39C LIGHTNING I! 


and had to return to Miramar to work 
through all the local processes. 

“We wanted to get jets delivered and 
Start initial flight operations before 
we'd passed an inspection under the 
cognisance of VFA-125. That required 
another memorandum of agreement 
codifying the arrangement for having 
VFA-125 personnel making sure our jets 
were safe to fly for a limited number of 
sorties to gain experience and refine the 
local command procedures at Miramar in 
preparation for organic flight operations 
post-safe-for-flight inspection.’ 


Expedient 

VMFA-314 completed its training in about 
half the time allowed by the US Navy for a 
squadron transition to the F-35C. 

That was in part due to the squadron's 
knowledge of the F-35B, not least from 
the maintainers. Commenting on the 
achievement, Lt Col Walsh said: “I can't 
understate the effort and work the 
maintenance department put in to 
make sure we were ready to go. We had 
demonstrated flight ops, the ability to do 
maintenance and we had pilots trained 


: Below: 

: A Black Knights’ 
: F-35C. US 

: Marine Corps/Cpl 
: Cervantes Leilani 


: todo certain mainly maintenance check 
7 flights but achieving safe-for-flight was 

3 the maintenance department's show, 

: they knocked it out of the park.’ 


In terms of the squadron ranks at the 


3 time, of the pilots, one third had prior 

3 F-35 flying experience, two were already 

7 instructors on exchange with VFA-125 

, and one similarly on exchange with VX-9. 
: One third had at least one fleet tour in the 
3 F/A-18 Hornet or AV-8B Harrier, and the 

| remainder were brand new pilots from 

3 flight training. Of the maintainers, about 

: half the maintenance department had 

; prior F-35B experience. 


WT 


: After receiving its first two F-35Cs 

: transferred from Lemoore in March 2020, 
: VMFA-314 had its full allocation by the 

: autumn and subsequently deployed 

: some jets to Marine Corps Air Station 

: Yuma, Arizona to fly in the Weapons 

and Tactics Instructor (WTI) course. The 


: missions flown from Yuma provided the 
: appropriate training to certify squadron 
| pilots as limited combat operations 
: qualified and served as a capstone 


: event for VMFA-314’s IOC declaration on 
: November 3, 2020. 


The squadron's WTI involvement was not 


; limited to flying missions but also included 
3 auditing course events, and maintainers 
attending the aviation maintenance 

7 officer course. 


Detailing the WTI detachment, Lt Col 


? Walsh said:“We had always planned on 

3 doing the detachment in support of 

3 achieving the IOC declaration. Being at 

3 Yuma enabled squadron staff and pilots 

? to attend briefs and debriefs, and execute 
: close air support, deep air support, strike 
| coordination and reconnaissance, and 

3 armed reconnaissance missions.’ 


Expeditionary Ops 


7 On December 3, 2020, VMFA-314 flew 

3 a series of missions from Miramar to 

: Marine Corps Air Ground Combat Center 
3 Twentynine Palms to demonstrate the 

3 expeditionary capabilities of the F-35C. 


VMFA-314 jets landed on the Strategic 


: Expeditionary Landing Field, a runway 

7 made of aluminium AM-2 surface matting, 
7 using M-31 expeditionary arresting gear, 
:_re-armed and re-fuelled at a forward 





aircraft refuelling point and took-off from 
the short runway [a few thousand feet 
long] on a follow-on mission. 

In comparison to the F-35B, the F-35C 
has larger weapons bays, the capability to 
carry heavier air-to-surface munitions, and 
wider wings that carry more fuel. 

Quantifying, Lt Col Walsh said:“On 
average, an F-35C carries about 6,000 


which equates to a lot more on station 
time. So, just as the F/A-18 Hornet and 
AV-8B Harrier have been complimentary 


complement the F-35B.’ 
Following the Twentynine Palms event, 


VMFA-314 has not undertaken any further 3 


such detachments, instead switching to 
training in support of CVW-9. 


Carrier Work-Up 

In the new year, VMFA-314 began its 
work-up cycle as part of the Tactical 
Air Integration Program to prepare the 


squadron for carrier deployment as part of ? 


a Carrier air wing in early 2022. 

Discussing the first two events, Lt Col 
Walsh said: “In February we deployed to 
Tyndall Air Force Base, Florida to conduct 
a live missile shoot to gain confidence 
and experience of handling, loading, and 
employing air-to-air missiles?’ 


The Tyndall detachment was undertaken 3 


to participate in the US Air Force Weapon 
System Evaluation Program dubbed 
‘Combat Archer’ during which VMFA-314 
pilots launched six missiles, a mix of AIM- 
9X and AIM-120s. 

In March, VMFA-314 completed a unit- 
level deployment to Naval Air Station 
Fallon in northern Nevada to conduct an 
air-to-surface element of the US Navy's 
Strike Fighter Advanced Readiness 
Program. The Black Knights employed 


munitions to complete air-to-surface strike : 


and suppression of enemy air defences 
mission sets. 

Lt Col Walsh’s current tasking is to 
prepare for deployment in direct support 
to Carrier Air Wing 9 (CVW-9) while 
remaining a component squadron in 
MAG-11 until deployment. He said: “My 
goal as the commander is to ensure that 
VMFA-314 provides the US Marine Corps 
with everything it requires in terms of the 
Squadron's readiness and to also ensure 
we are ready to support CVW-9 as best 
as possible. During late August we were 
not operating in direct support of CVW-9 
but training with live ordnance to ensure 
proficiency with air-to-surface weapons 
employment and strafing with the gun to 


: Below: 

: An F-35C 

: assigned 

: to Marine 

: Fighter Attack 

: Squadron 314 

: catches the 

: M-31 arresting 

: gear cable at 

: Marine Corps 

: Air Ground 

: Combat Center 

pounds more fuel per sortie than an F-35B, : aa 
: Palms, 

: California on 

: December 

: 83,2020. US 

: Marine Corps/Cpl 

to US Marine Corps Aviation, the F-35C will : 


Cervantes Leilani 


3 update pilots’ currency. When we return 

3 to Fallon during September, we'll plug 

: back in with CVW-9 and conduct mission 
3 sets the air wing places emphasis in 

; such as strike and air-to-air employment. 
3 Ensuring that VMFA-314 can give both 

3 leadership chains what they require from 
3 the unit now and in the event of any 

3 future contingency operation has always 
3 been my goal? 


On the heels of achieving FOC, VMFA- 


3 314 became the first US Marine Corps 

3 F-35C squadron to conduct tailored ship's 
3 training availability or TSTA - another 

3 event along the road to deployment 

7 onboard an aircraft carrier as part of an air 
3 wing. Training included communication 

3 rehearsals, medical drills, flight operations, 
and shipboard drills. 


Lt Col Walsh said “We completed several 


3 days of carrier qualifications [onboard 
: the USS Abraham Lincoln] and exercised 
: the tactical lessons we learned at both 
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: the air-to-air and air-to-surface periods of 

3 SFARP and applied that basic skillset with 

, the added complexity of carrier operations. 
7 By the end of the period at sea we were 

7 able to demonstrate proficiency at catapult 
3 take-offs and arrested landings, safely 

3 operating around the ship. During a follow- 
: on period at sea, we started to introduce 

3 some of the missions we'll conduct at 

; Air Wing Fallon. We completed launch 

: sequences that simulated strikes into 
enemy territory and practiced carrier strike 
3 group air defence exercises.” 


VMFA-314 was due to deploy back to 


: Fallon in September for Air Wing Fallon, 

| leveraging all the air wing's capabilities as 

3 one force to accomplish more complex 

3 mission sets. Those missions will be 

, subsequently flown from the ship during 

3 a final work-up period at sea with CVW-9 

7 in mid-autumn before the scheduled 

3 deployment onboard the USS Abraham 
Lincoln (CVN 72) in 2022. 3 
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ONVERSION OF THE US 
Marine Corps’ active- 
o [Uh ava lt-lalal=m mle lal aalarslel 
mics i(ee) ous) mee)an) elelal-lalmice)an 
the AH-1W Super Cobra to 
| the AH-1Z Viper is complete. 
IMatomeleiey’aelelatiall osw-le-m-h(e/alsrem com eal gar— 
active-duty Marine Air Groups: MAG-29 
at New River, North Carolina; MAG-24 
at Kaneohe Bay, Hawaii; and MAG-39 
at Camp Pendleton, California. MAG-29 
was the final active-duty to transition 
which started in Q4 CY2018. MAG-29’'s 
dcclakyiacelamee)areiece(-e Malem iut-lelatsmmlelalt 
Attack Helicopter Squadron 269 (HMLA- 
269) held a sundown ceremony for 
the AH-1W at New River on November 
26, 2019. 

The first Vipers arrived at the base 
for HMLA-167 in November 2018. 





7 Interestingly, HMLA-167 provided a 

3 detachment of AH-1Ws to Marine Medium 
: Tiltrotor Squadron 365 Reinforced (VMM- 

3 365), which deployed as the Aviation 

: Combat Element for the 26th Marine 

3 Expeditionary Unit aboard the USS Bataan 
: (LHD 5) Amphibious Ready Group in 

7 December 2019. The deployment was the 
last for the AH-1W. 


One AH-1Z Fleet Replacement Squadron 


3 (FRS), Marine Light Attack Helicopter 
: Training Squadron 303 (HMLAT-303), an 
: active-duty unit is also based at New River. 


The first of two-reserve component AH-1 


3 Squadrons assigned to MAG-41 started 

: its transition to the AH-1Z in Q4 CY2019, 

3 the second of the two is expected to be 

7 complete its transition in FY2022. The first 
3 squadron, HMLA-775, which is stationed 

ar) (olnreice (-F-lad\(-me Vina licen lane 


: Above: An AH-1Z 
: Viper assigned 

: to Marine Light 

: Helicopter 

: Attack 

: Squadron 367 

: seen over Pacific : 
: Missile Range : 
: Facility near 

: Hawaii training 
: for sea control 

: and sea denial 

: operations. US 

: Marine Corps/LCpl 
: Jacob Wilson 
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: Pendleton, received its first AH-1Z on 

3 November 18, 2019. Likewise, HMLA-773 
3 conducted its final official AH-1W flight at 
| Joint Base McGuire-Dix-Lakehurst, New 

: Jersey, on May 12, 2020. 


Whereas each active-duty squadron and 


: the FRS operates 15 AH-1Zs alongside 12 
7 UH-1Ys, reserve squadrons, HMLA-773 

7 and HMLA-775 will field 15 AH-1Zs and 12 
3 UH-1Ys and 10 AH-1Zs and eight UH-1Ys 

7 respectively. 


Fifth Version 

7 The AH-1Z is the fifth major version of 
: id al =m Glo) 0) ¢- Me) 0] -1¢-] «10 ova aal UN I-lelal— 

3 Corp since 1968 when it received 38 

3 single-engine AH-1G Cobra attack 

7 helicopters on loan from the US Army. 
3 The service later operated twin-engine 
: AH-1J and AH-1T models before 


transitioning to the AH-1W. The AH-1W 
was the first version to field AGM- 

114 Hellfire air-to-ground, and AIM-9 
Sidewinder air-to-air missiles. 

Three AH-1Ws were remanufactured 
to AH-1Z prototypes under the H-1 
Upgrades Program. The first flew on 
December 8, 2000, and low-rate initial 
production began in October 2003. In 
yA0]0hs Fm e)F- lamcom c-lant-laleir-(eael come) emcomnsi0 
AH-1Ws to AH-1Z configuration were 


(om c=rant-lalejr-(ade leave m-licee-)am-lalem-lole(-r| 
58 new-build AH-1Zs to the program 

(o) i c=1e0) c0 MB atom o)gelelu eld(e)ame)i-labmui-lc= 
revised again in December 2011, when 
id al=me (-cel (0) amc bm parle (-mcomer-lariit(elance 
an all new-build AH-1Z strategy and just 
37 AH-1Ws were remanufactured to AH- 
i\WAreoyaliceleie-1erelan 


3 AH-1Zs will total 189 cabs including 152 

7 new-build aircraft. AH-1Z procurement 

3 concluded in FY2019 when the final batch 
: of 25 Vipers was funded by the National 

3 Defense Authorization Act. 


: Weapons 

3 The Viper’s mission set includes offensive 

3 anti-air warfare and air interdiction, armed 
revised. The decision limited the number 3 : 
: coordination and reconnaissance, close air: 
0] e) ole)aum-laremie)a-lcen-limec)alice)e 


, on its two stub wings, which are each 

: equipped with three weapons stations. 
Compatible weapons include AIM-9 

| missiles, 2.75in unguided and laser- 

: guided WGU-59/B Advanced Precision Kill 





yea 


we 


The US Marine Corps’ eventual fleet of 


MWiksslelatsmelare 


reconnaissance, armed escort, strike 


An AH-1Z can carry several weapons 
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Weapon System II rockets in seven-shot 
LAU-68 or 19-shot LAU-61 pods or AGM- 
114 air-to-ground missiles and external 
fuel tanks. A three-barrel 20mm M197 
cannon with 750 rounds of ammunition is 
installed in a turret under the nose. 
Sensors currently include the AAQ-30 
target sight sensor and a multi-sensor 


electro-optical/infrared fire control system. 


Flight-testing with the AGM-179 Joint 
Air-to-Ground Missile (JAGM) began 
in December 2017 and the AH-1Z was 
expected to achieve initial operational 
capability with the weapon in 2020. 





Intended as a replacement for the Hellfire, 


: the JAGM will initially feature a dual- 


mode semi-active laser, a millimetre wave 


3 seeker, with an imaging infrared mode 
: added later. 

Plans also include integration of the AIM- : 
: 22) duringa 

: composite 

: training unit 

: exercise in 

: preparation 

: for a scheduled 
: deployment. 

: US Marine Corps/ 
: GySgt Rome 

: Lazarus 


3 9X version of the Sidewinder. 


The AH-1Z’s aircraft survivability 


7 equipment initially included the APR- 
39B(V)2 radar warning receiver, AAR- 

3 47E(V)2 missile warning system, and ALE- 
3 47 countermeasures dispenser system. 


Ongoing upgrades are equipping the 


: Viper with the Block X ALQ-231(V)1 


: Above: An AH-1Z 
: Viper helicopter 
: prepares to 

: land aboard 

: the amphibious 

: transport dock 

: ship USS San 


Diego (LPD 


: Left: Note the 

: chin-mounted 
: M197 20mm 

: cannon. US 

: Marine Corps/LCpl 
: Jacob Wilson 
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: Intrepid Tiger Il electronic warfare pod, 

3 an upgraded APR-39(D)V2 radar warning 

3 receiver, and a distributed aperture 

3 infrared countermeasures system. 

3 Navigational system improvements 

3 include upgrades of the embedded 

7 GPS/INS and the Required Navigation 

7 Performance/Area Navigation (RNP/ 

7 RNAP), and integration of a Terrain 

3 Awareness Warning System II system. 

3 Improved interoperability will be achieved 
3 by installing a digital interoperability - 

3 full motion video, Link 16, and Adaptive 

: Networking Wideband Waveform (ANW2) 
3 datalinks and Tactical Targeting Network 

7 Technology. 


During a test light in early June 2021, 


3 pilots assigned to HX-21 flying an AH-1Z 
7 Viper established a two-way connection 
; between a ground station and the 

3 aircraft's Link 16 and ANW2 systems, for 
3 the first time when airborne. 


Link 16 and ANW2 enable the AH- 


: 1Z to rapidly share information with 

: other weapon systems, provide greater 
; situational awareness, accelerate the 

3 kill chain, and enhance survivability to 
outmanoeuvre and defeat the threat 

7 across a range of military operations. 


The digital interoperability suite 


includes a new radio, processor, and 
: mission computer software to integrate 


Right: An AH-1Z 
Viper assigned 
to Air Test and 
Developmental 
Squadron 21 
approaches the 
flight deck of 
the amphibious 
assault ship USS 
Wasp during 


the flight 
envelope limits 
of the type. 
Naval Air Systems 
Command 


Below: The first 
AH-1Z assigned 
to the reserve 
component's 
Marine 

Light Attack 
Helicopter 
Squadron 

775 at Camp 
Pendleton, 
California, on 
November 18, 
2019. US Marine 
Corps/Pfc Seth 
Merz 


the information fed by the two data 

; links onto a new digital map interface to 
3 display information from the data links 

3 on acommon display. The suite enables 
3 the AH-1Z to directly exchange critical 

3 data with other US Marine Corps and US 
3 Navy airborne and shipboard systems. 
The digital interoperability suite also 
trials to evaluate : 
: modernises how data is loaded to and 
3 from the helicopter. 


During the one-hour flight, 


conducted by HX-21, pilots successfully 
, communicated with a PRC-117G 

: multiband networking manpack radio 

3 and the Mobile Systems Integration Lab, 
: a ground station designed by Naval Air 

3 Warfare Center Aircraft Division to validate 
3 the suite’s connection with the aircraft. 


Flight test on the AH-1Z will continue 


: through the summer, with initial fleet 

3 integration expected in 2022. NAVAIR’s 
: light attack helicopter program office, 
3 PMA-276 and HX-21 are currently 

: flight testing the same suite on the 

: UH-1Y Venom. 





In September 2020, the US Marine 


7 Corps launched its own studies 

3 with a request for information 

; for an Attack Utility Replacement 

3 Aircraft. The high-speed rotorcraft is 
: intended to replace both the AH-1Z 


a 


= 





: Viper and UH-1Y Venom fleets. The 
3 US Marine Corps is seeking a faster, 
7 longer-range rotorcraft and the 

, AURA is envisioned as an armed 

3 escort for the MV-22B tiltrotor. = 
7 Tom Kaminski and Mark Ayton 


66. active-duty AH-1Z Fleet Replacement Squaaron, 


Marine Light Attack Helicopter Training Squadron 
303 (HMLAT-303), is based at Marine Corps Air 
Station New River, North Carolina. 
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UH-1Y VENOM 


Although the Venom is based on the 
earlier UH-1N airframe, there is little 
commonality with the N-model. 

Bell Helicopter initially upgraded two 
UH-1Ns to UH-1Y configuration under 
the H-1 Upgrades Program and the new 
model flew for the first time in December 3 
2001. The programme originally | 
called for up to 100 UH-1Ns to be 
remanufactured to UH-1Y configuration. 
In April 2005 however, the decision was 
made to produce new airframes and 
only ten UH-1Ns underwent conversion. 
Developed alongside the AH-1Z, the two 
rotorcraft share 85% of their systems 
including General Electric T700-GE- 
401C turboshaft engines, drive train, 
four-blade all-composite main and 
tail rotors, tail boom, and integrated 
digital cockpits. 

Compared to the earlier UH-1N, the 
UH-1Y has a greatly increased load 
carrying ability, longer range and 
improved survivability. Rather than the 
AH-1Z’'s target sight system, the Venom _ : 
features a FLIR Systems BRITE Star Block Il: 
imaging system, and two external stores 7 
stations that permit the carriage of a 3 
variety of kinetic weapons. These include 3 
a GAU-17/A minigun, and a GAU-21 
0.5-cal or 7.62mm M240 Ramp Mounted 
Weapon System. 

Mirroring the AH-1Z, the Venom’s 
aircraft survivability equipment 
includes the APR-39B(V)2 radar 
warning receiver, AAR-47B(V)2 


ra 
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Right: An 
aviation 
boatswain’s 
mate (Handling) 
signals a 

UH-1Y Venom 
helicopter 
attached to 
Marine Medium 
Tiltrotor 
Squadron 161 
(Reinforced) 

to land on the 
flight deck 

of the San 
Antonio-class 
amphibious 
transport dock 
ship USS San 
Diego (LPD 

22) during 
operations with 
the 15th Marine 
Expeditionary 
Unit in the 6th 
Fleet area of 
operations. 

US Navy/Mass 
Communication 
Specialist Seaman 
Dalton Caples 


UR-1Y VENOM CHARACTERISTICS 


Length 
Height 
Rotor diameter 


Empty weight 


Max take-off weight 


Useful payload 
Max speed 
Cruise speed 
=i iiare 

ate] alelss 
Powerplant 


Nagaatelaatsall 


Crew 


: Left: AUH- 

: 1¥Y Venom 

: manoeuvres over 
: the Yuma range 

: during a Weapons 
: and Tactics 

: Instructor course 
: while operating 

: from the nearby 

: Marine Corps Air 
: Station Yuma. US 
: Marine Corps/LCp! 

: Brennon Taylor 


: Bottom Left: 

» : Ahelicopter 

: mechanic 

: engagesa moving 
: target onthe 

: Yuma range at 

: the mock village 

: called Yodaville on 
: the Yuma range. 

: US Marine Corps/ 
|} LCpl Brennon Taylor 
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58ft 4in 

14ft 7in 

A8ft 10in 

11,840lb 

18,500Ib 

5,930lb 

170kts 

139kts 

20,000ft 

129nm 

Two General Electric T-700-GE-401C 
turboshaft engines, each rated at 1,800shp 
2.75in guided and unguided rockets, GAU- 
17A, GAU-21 and M240D 

Pilot, co-pilot, crew chief, gunner and eight 
combat-equipped Marines 





: missile warning system, ALE-47 

3 countermeasure dispenser system, 

3 and the latest ALQ-231 Intrepid Tiger Il 
: electronic countermeasures pod. 


Upgrades include the APR-39(D)V2 


, radar warning receiver. Navigational 

3 system improvements include upgrades 
3 of the embedded GPS/INS and the 

. Required Navigation Performance/Area 
3 Navigation (RNP/RNAP). 


Improved interoperability will be 


| achieved by installing the MAGTF Agile 

: Network Gateway Link to bring on 

: Link 16, Common Datalink, Adaptive 

3 Networking Wideband Waveform, 

3 and the Tactical Targeting Network 

3 Technology IP-based waveform, together 
3 with a full motion video capability. 

: Tom Kaminski and Mark Ayton == 

















CH-53E SUPER STALLION 


HE SIKORSKY CH-53E has 
served as the US Marine Corps 
heavy-lift helicopter since 
entering service in 1981. The 
fleet achieved a significant 
milestone in July 2019 when 


i 





it surpassed the one million flying 
hour mark. 

The Super Stallion can alternately lift 
16 tons of cargo, 24 litter patients or 30 
troops. The last of 177 Super Stallions 
was delivered to the US Marine Corps 
in 1998, but the service later acquired 
eight former-US Navy CH-53Es. The 
helicopters had been stored with 





: the Aerospace Maintenance and 

: Regeneration Group at Davis-Monthan 
3 Air Force Base, Arizona. They entered 

7 service as attrition replacements 

: between August 2005 and July 2008 

:_ after being regenerated and updated. 

3 The fleet currently comprises 142 Super 
: Stallions. 


The CH-53E supports the MAGTF with 


: assault support during expeditionary, 
3 joint, or combined operations. As 

3 the service's primary heavy-lift 

: asset, the CH-53E provides combat 

7 assault transport of heavy weapons, 

3 equipment, supplies and troops. 


Powered by three General Electric T64- 


2 GE-416 turboshaft engines each rated at 
| 4,380shp, a CH-53E can lift 16 tons at sea 
: level, transporting the load 50nm and 

| returning to base. A typical external load 
| includes a 16,000Ib M198 howitzer or a 

7 26,000Ib Light Armoured Vehicle. 


Super Stallions are currently operated by : 
: Corps/SSgt Artur 


: eight operational active-duty squadrons, " Shvartsberg 


| a Fleet Replacement Squadron (FRS) and 
: a reserve component squadron. Each 

: active-duty operational squadron has a 

: Primary Mission Aircraft Inventory (PMAI) 
7 of 12 CH-53Es assigned, the FRS operates 
| 17 and the reserve unit six. Because the 


: Below: CH- 

: 53E Super 

: Stallions gather 
: at Auxiliary 

: Airfield 2, Yuma, 
: Arizona during 

: a seven-week 

: Weapons and 

: Tactics Instructor 
: course. US Marine 





service is nearly 50 aircraft below its 

200 aircraft requirement, the PMAI was 
reduced from 16 to 12 aircraft. Squadron 
strength will be restored as deliveries of 
the CH-53K King Stallion get underway. 
Entry of the King Stallion will permit CH- 
53Es to be re-assigned from the squadron 
in transition to other fleet squadrons. 


Readiness Recovery 
and Sustainment Plan 
The Super Stallion fleet is currently 
undergoing a RESET programme (see 


later) under the CH-53E readiness recovery : 
and sustainment plans that began in 2016. : 


In addition to engine upgrades, plans call 
for installing smart multifunction colour 
display kits, the DIRCM countermeasures 
system and the ADS-B transponder. 
According to the US Marine Corps, the 
CH-53E's heavy lift capability, combined 
with its global amphibious presence, has 


3 made it an indispensable asset when ; 
: responding to both regional hot spots and : 
: humanitarian assistance alike. 


Given the dependency on the CH-53E, 


7 Naval Air Systems Command's PMA-261 
3 is Managing a range of upgrades to 

3 maintain the helicopter’s readiness, its 

3 survivability and reliability which started 
; in FY2019 for a five-year period. 


The US Marine Corps’ 2019 Aviation Plan 


3 lists five major initiatives as: continued 
: execution of the CH-53E readiness 
: recovery and sustainment plans; 


installation of smart multifunction colour 


display kits with the brown out symbology 7 
3 set; a complete reset of the entire CH-53E 3 
3 fleet of aircraft; and integrate a software 

7 reprogrammable payload radio and Link 
: 16 datalink. 


Ongoing upgrades have included 


| embedded SATCOM, mode V IFF, smart 
: multifunction colour display with brown 


| Fuselage length 


3 Height = 


| ‘Useful internal payload 





§] Max speed 
: aie Xeiiinte 


Overall length 


28ft 4in 
9/Ao\0)0)\ 6) 


73,500|b (with external load) 
1 9926)0) |) 

15,000Ib 

5 hours 
| 150kts : 
| 130kts ————— 
-10,000ft (without supplemental oxygen) 
30 passengers, 24 litters or seven 40 x 

| 48in pallets 
Three GAU-21 0.50 calibre machine guns 
540nm 


EY ae lcvoxsmVcielaie 


Useful external payload 
Max endurance 





Payload 


Armament 
Max range 
Mission range 


110nm with 9,600lb external load in 95°F 
OYN i laveke(scinlat-lelelansiis\clue ame monele eat 


Three General Electric T64-GE-416 
turboshaft engines each rated at 

| 4,380shp = Se 
ma l(e) exq@om 0)| (elem) aa al(-imr-lalemantsear-lalieg 
ele lavala 


Power plant 








CH-53E SUPER STALLION 


Above: A US 
Marine with 
3rd Battalion, 
6th Marine 
Regiment 
checks the rope 
while fastened 
to a CH-53E 
before a fast 
rope exercise 
at Auxiliary 


Airfield 2, Yuma, 3 


Arizona. US 
Marine Corps/SSgt 
Artur Shvartsberg 


Right and Below: 
US Marines with 
3rd Battalion, 
6th Marine 
Regiment 
conduct a fast 
rope exercise 
out of a CH-53E 
Super Stallion 
at Auxiliary 


Airfield 2, Yuma, 3 


Arizona during 
a seven-week 
Weapons 

and Tactics 
Instructor 
course. Hosted 
by Marine 
Aviation 
Weapons 

and Tactics 
Squadron 1 
(MAWTS-1), 
the squadron 
provides 
standardised 
tactical 
training and 
certification of 
unit instructor 
qualifications 
and assists in 
developing 
and employing 
aviation 
weapons and 


tactics. US Marine 7 


Corps/SSgt Artur 
Shvartsberg 
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: said:“The usage, and the life of the CH-53E 
: is tracking to support US Marine Corps 
2 operations until the CH-53K comes online.’ 


3 out symbology set, the APX-123 ADS-B 

3 transponder, an integrated advanced 

: threat warning system, integrated 

| survivability equipment and the APR-39(D) 
3 V2 radar warning receiver. To improve 

3 reliability, PMA-261 is upgrading 419 T64 

3 engines with new cores and fuel controls. 


Despite the delays endured by the 


3 CH-53K King Stallion programme, Colonel 
3 Jack Perrin, NAVAIR’s program manager 

: for H-53 with PMA-261 said the existing 

: CH-53E fleet was not impacted because 

: the US Marine Corps properly funded and 
3 supported the CH-53E fleet. 


The average age and average flight 


3 hours of the CH-53E aircraft is a little over 

: 30 years and about 6,500 flight hours. 

, Within the next 12-months some aircraft 

3 will reach their 10,000-hour service life 

: without any major rework effort. Col Perrin 








RESET Program 


3 Following the 2015 US Marine Corps 

3 independent readiness review and the 

: resulting mandate to return the CH-53E 

: fleet to full capability by 2020, NAVAIR's 

: PMA-261 launched the RESET programme. 
3 The initial contract was awarded to Vertex 
3 Aerospace based in Madison, Mississippi. 
: Today, the programme is deemed the 

: cornerstone of the requirement. Last year 
3 Vertex was awarded a follow-on contract 
: valued at $111 million. 









Tine CH-53E supports the Marine 
Air-Ground Task Force with assault 
Support during expeditionary, joint, 

or combined operations. 
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Above: A CH-53E 7 Comparing RESET aircraft with non- 3 In June 2020, NAVAIR announced 7 in service were inducted into the RESET 
Super — : RESET aircraft, Col Perrin said the fleet : that four CH-53E Super Stallion aircraft : process. At the time of the announcement, 
assigned to 3 : 
snails Medium : Was getting about a 10% increaseinthe =: had completed their extensive RESET : the two most recent aircraft returned to 
Helicopter : mission capable rate for a RESET aircraft. : maintenance process, which re-baselines : the fleet following the programme were 
eae 2 65  : “Weare getting more flight time out of : all squadron-level inspections; replaces : the 34th and 35th. The 34th was delivered 
anas on tne : ; 
flight deck of : those aircraft each month. The fleet has : high-time components; and delivers a : to Marine Air Group 16 at Miramar, 
the amphibious : been able to maintain and fly those aircraft 7 leak-free, full mission capable aircraft with : California on May 1, 2020. 
— _ USS = much more, support more missions such : zero maintenance discrepancies ready for : NAVAIR claims the return on investment 
eleliu durin 3 | 
operations 3 3 that pilots are getting the hours they 3 fleet squadrons. : for RESET includes decreased maintenance 
in the Pacific : need to maintain proficiency andexecute : Atthe time, NAVAIR reported that 35% =: man hours per flight hour, a reduction in 
Ocean. US Navy/  : their training. : of the fleet's 142 CH-53E Super Stallions — : cost per flight hour, increased monthly 
Seaman Sarah Sve Goackil aie | 
eee | —_ : utilisation, a stimulated and more 
a = _ ——{ : responsive supply chain and, most notably, 
-} ahigher state of readiness for the CH-53E 
: RESET fleet. NAVAIR maintains that RESET is 
: vital to sustain the fleet until the transition 
= to the new CH-53K King Stallion starts in 
Right: US |, 
Marines with : Col Perrin said the US Marine Corps 
3rd Battalion, : is installing the digital integration 
6th Marine , am , 
Reai : medium solution, comprising Link 16 
egiment : | 
head to the : and Adaptive Networking Wideband 
awaiting CH-53E : : Waveform (ANW2) datalinks onto fleet 
Super Stallion 


3 aircraft. He said:“We're doing that, not 


ahead of a fast 
: Only to prove the concept, but to support 


rope exercise 
at Auxiliary 


: the CH-53E and heavy lift operations in 
Airfield 2, Yuma, 


3 the fleet, and because that’s exactly what 





Arizona. US : ——_—_ | : a 
Marine Corps/SSgt  : 2 : were doing on the CH-53K as well: 
Artur Shvartsberg = Tom Kaminski and Mark Ayton =< >= 
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Mark Ayton spoke with NAVAIR’s H-53 programme manager, US Marine Corps Colonel Jack Perrin 








i tie 


Py. 


INCE THE FIRST CH-53K 
King Stallion made its 
maiden flight on October 
27, 2015, from Sikorsky’s 
Development Flight Center 
in West Palm Beach, Florida, 


the programme has enjoyed success and 7 
3 four aircraft, depending on the specific 


endured challenges. 

Sikorsky conducted the maiden 
flight with the first of four-engineering 
development model (EDM) aircraft, all of 
which are now based at Naval Air Station 
Patuxent River, Maryland. Assigned to 
Air Test and Evaluation Squadron 21 
(HX-21), the four instrumented aircraft 


a i.» ag 
Phy | 
OP Ws gal hm ee 
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a 
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3 have completed much of the type's 

3 developmental test programme. Two are 

: dedicated to structural flight tests and 

3 two to performance testing of the aircraft, 
: engines, rotors, and drive train system. 

3 Despite the allocations, an individual test 


plan can be done with any one of the 


: parameters required. 


As of late July 2021, the certification for 


3 the start of initial operational test and 

2 evaluation (IOT&E) had been completed. 

3 As an operational test programme, IOT&E 
3 is being conducted by Marine Operational 
: Test and Evaluation Squadron | (VMX-1). 


a Wye. 


Fade 


Lie i eet 


: Above: US 

: Marines with the 
: 1st Battalion, 2nd : 
: MarineRegiment :; Combat Center at Twentynine Palms, 
: loadautilitytask : 
: vehicleintoaCH- : 
: 53K King Stallion 
: helicopter for 

: anair assault 

: training 

: Operation at 

: Marine Corps 

: Base Camp 

: Lejeune, North 

: Carolina, June 10, 
: 2021.US Marine 

: Corps/Cpl Yuritzy 

: Gomez 
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3 During the second week of August, VMX-1 
: deployed to the Marine Corps Air Ground 


: California. Its mission at the desert base 
: was to conduct desert and mountain 
3 operations. 


Despite the start of IOT&E, more 


3 developmental testing remains to be 

3 completed through until FY2024. For the 
3 next three years, PMA-261 and HX-21 

7 will continue to validate the CH-53K’s 

3 envelope. The gargantuan helicopter is 

: currently cleared to lift 27,000Ib as per 

: the key performance parameter, but the 
: cabis designed to lift a 36,000Ib external 











about the CH-53K King Stallion. 
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load. A component of the forthcoming 
developmental testing involves validating 
the aircraft's design load to 36,000Ib. 
Further to that, other testing will include 
engine and performance testing. 


Underway Testing 

The CH-53K test team is also due to go 
back to sea for the first time since the 
two-week embarkation onboard the 
amphibious assault ship USS Wasp (LHD 
1) for sea trials. Tests performed last June 
included launch and recovery, rotor start 
and shutdown, blade fold, and shipboard 
compatibility testing. All tests were 


3 conducted in increasing wind speeds 
3 and varying wind directions relative to 

3 the aircraft. PMA-261 also completed 

3 ship compatibility testing which included 
3 towing the aircraft around the deck and 

: in the hangar, maintenance, stowage 

| compatibility, and evaluating chain/tie- 

3 down procedures. 


According to Colonel Jack Perrin, 


, program manager for H-53 helicopter 

3 programmes with PMA-261 the second 

3 development test period at sea includes 

: shipboard qualifications on different 

3 classes of ship assigned to an amphibious 
: readiness group such as a landing 


3 helicopter assault ship (LHA), a landing 
, helicopter dock ship (LHD), a landing 

, platform dock ship (LPD), or a dock 

3 landing ship (LSD). 





Lastly, there is a flight load survey 


3 which involves configuring a CH-53K to 

3 a heavy gross weight with an external 

7 load to evaluate stresses and strains on 

3 the airframe, not just in level flight but 

7 flying at angles of bank up to 60° and 

3 at different altitudes. HX-21 will use an 

3 instrumented EDM aircraft to gather flight 
3 data which will be used to help define the 
7 life of the airframe and the life of airframe 
: components. Data-based modelling 
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a Right: 
: ACH-53K King 


electro omagr nate Sivionmnent i a os 
testing of the modified aircraft. The aircraft 


was due to be delivered to VMX-1 at New 


River in September giving the squadron its 


full four-aircraft fleet. 

At the same time, the first low-rate initial 
production aircraft was undergoing final 
tests with Sikorsky at its plant in Stratford 
Connecticut ahead of contractor and 
government acceptance flights. Work 
included fuelling tests, attachment of the 
main and tail rotor blades, and ground 
runs. By the end of October, the aircraft 
is due to be delivered to New River and 
assignment to Marine Heavy Helicopter 
Squadron 461 (HMH-461), the first fleet 
squadron. The second squadron to take 
the CH-53K on charge will be Marine 
Heavy Helicopter Training Squadron 302 
(HMT-302), the resident fleet replacement 
squadron also based at New River. 


Aerial Refuelling and 
Survivability 


Long-range logistics and the transition to 
expeditionary advanced base operations 
are of paramount importance to US 


: Stallion amidst 
: clouds of desert 
: dust during 
: degraded visual 
: environment 

: testing at the 

: Yuma Proving 

: Grounds, 

: Arizonain July 
: 2020. Naval 

: Air Systems 

: Command/ 

: Victoria Falcon 


thet ete ee 





Marine Corps Aviation. The ability to 


: Carry out aerial refuelling was a baseline 


requirement for the CH-53K. An initial 


: aerial refuelling envelope has already 


been validated with a selection of 
adjustments and corrections required. 
Associated flight testing was wrapped up 
by HX-21 in late July. 

To date, HX-21 has successfully 
validated aerial refuelling with the CH-53K 
during the day, at night with night vision 
goggles, and with a 27,000Ib external 
load. The latter shows the aircraft’s 
performance includes the ability to 
retain precise control while flying at 120 
knots while uploading fuel from a KC- 
130J tanker. 

According to Colonel Perrin, when VMX- 
1 deployed from New River to Twentynine 
Palms in early August the aircraft utilised 
aerial refuelling to extend their range for 
the trans continent flight. 


UNITED STATES NAVY AND MARINE CORPS YEARBOOK 2021 





One of NAVAIR's major flight test facilities 
is Naval Air Weapons Station China 
Lake in California. Much flight testing 
is undertaken at the sprawling high 
desert base which also serves as a facility 
for other test activities. For the CH-53K 
programme, China Lake is home to its live 
fire testing effort using a CH-53K ground 
test vehicle (GTV) in full configuration - the 
cab was previously used by Sikorsky for 
developmental testing at its West Palm 
Beach facility. 

At China Lake, the GTV is mounted on a 
pedestal which extends up through the 
centre of the aircraft and is capable of 
holding the aircraft to the ground while its 
engines are run at maximum power. Test 
engineers can command the GTV to do 
everything a standard CH-53K can do but 
it does not move. 

According to Col Perrin, the live fire 
testing programme started with analysis 


and proceeded to firing. He said: “The 
aircraft is set-up in a certain way and the 
live shots are fired at a certain portion 

of the aircraft. They started with the 

least vulnerable components and are 
progressing through more vulnerable 
components with much care to avoid 
losing the whole aircraft. We're getting our 
expected results.’ 


survivable than any US aircraft that’s in 
service. CH-53K was designed to be a 
highly survivable aircraft with the ability 
to get back to base despite significant 
battle damage. 

Colonel Perrin said:“The fly-by-wire is a 
very redundant system which occupies 
very small vulnerable areas with wires 
running to the servos that drive the 
aircraft's flight surfaces control instead of 
traditional systems.’ 

Live fire testing is expected to continue 
through FY2022, the results of which 
will support the full production decision 
expected in FY2023. 


Problems, Solutions 


Few weapon systems developed in our 
time run smoothly and usually endure 
challenges which can range in severity 
from those that can be easily fixed to ones 
that are near showstoppers. The CH-53K is 
no different. It has suffered from exhaust 
gas reingestion (EGR) by the number 

two engine during hover or at low air 
speeds, unsurprisingly causing engine 
performance degradation. A combined 
test team changed the length and 


trajectory of the engine exhausts. Deemed 3 


a successful fix to EGR, the redesigned 
exhausts also fixed other associated 
problems: high temperatures in the 





: Below left: 

: US Marines with 
: 1st Battalion, 

: 2nd Marine 

: Regiment load 
: autility task 

: vehicle intoa 

: CH-53K King 

: Stallion for 

: an air assault 

: operation in 

: support of 
Survivability of the CH-53K is as, or more, 3 ee 
: Marine 

: Operational 

: Test and 

: Evaluation 

: Squadron 1. US 
: Marine Corps/Cpl 
: Yuritzy Gomez 


: Below right: 

: Two CH-53K 

: King Stallion 

: helicopters lift 
: from a landing 
: zone at Marine 
: Corps Base 

: Camp Lejeune, 
: North Carolina 
: for an air 

: assault training 
: Operation. 

: Flown by 

: Marine 

: Operational 

: Test and 

: Evaluation 

: Squadron 1. It 
: is loaded with 
: US Marines 

: with the 1st 

: Battalion, 

: 2nd Marine 

: Regiment. US 
: Marine Corps/Cpl 
: Yuritzy Gomez 


number two engine bay and hot gases 
: hitting the side of the aircraft. 


CH-53K aircraft also suffered from low 


Running a main gear box on a test 


3 fixture at the Stratford facility through 

3 a spectrum of operating conditions 

: helped define its service life, and the 

3 time between rework requirements. 
The process of validating the fixes to 

7 ensure reliability and maintainability 

3 requirements are met is expected to be 
3 complete in 2022. 


Improvements had to be made to the 


3 manufacturing process of the CH-53K's 

7 composite tail rotor flex beam following 

3 delamination sustained during flight test. 
7 The 64 x 13.5in structure is a flight-critical 
7 tail-rotor component that attaches the 
Spar, upper skin, and lower skin in each 

3 rotor blade to the rear horizontal shaft. The | 
original component provided the required : 
3 performance but not the required 
3 service life. 


Explaining, Colonel Perrin said:“We 


7 redesigned and validated the flex beam. 
3 All four SDTA aircraft are fitted and flying 
7 with the new version. It went from a life 
of about 300 hours, to over 3,000 hours. 

3 Each time engineers inspect the flex beam 
: to validate the structure's performance 

3 meets requirements, the life is extended 
7 further without changing anything. We 

: are giving the flex beam the life required 
3 but reducing the operational cost of the 
3 aircraft for the life of the programme.’ 
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HX-21 flight crews discovered a 


3 problem at launch with the intermediate 
: ground mode. 

3 reliability of the main rotor gearbox. Unlike 
7 the CH-53E with a traditional planetary 

7 gearbox, the Kilo has a split torque gear 

: box. This provides better management 

: of the torque, greater survivability and a 

3 lighter, smaller, more compact gearbox 

3 which helps with the aircraft’s overall size. 


The fly-by-wire system determines if the 


7 aircraft is flying by a weight on wheels 

3 switch. During analysis of flight test data, 
7 the test team determined the weight on 
7 wheels switch showed a high failure rate 
3 during analysis. 


Under flight conditions the aircraft must 


3 know its correct performance state: on 
7 the ground or airborne. While airborne, 
3 the rotor and flight controls have more 
3 authority allowing more movement of the 
3 rotor blades than when on the ground. 


Sikorsky installed a new weight on 


wheels switch so in the event of a failure 
3 to enter flight mode, the pilot pushes a 

3 switch to command the aircraft to go to 
3 flight mode performance. 


When in intermediate ground mode, the 


3 pilot has full control of the aircraft but with 
: areduced level of authority compared to 
: full flight mode. 


The problems listed caused significant 


: delays to the CH-53K and the programme 


recognised it was not completing test 
points as expediently as had been 


: originally planned and issued a program 
: deviation report. 


During discussions with Congress, 


: lawmakers were told about the issues with 
3 the CH-53K and why the programme was 
3 experiencing them. PMA-261 created a 
: new plan to execute the programme from 
3 the underwhelming position it was in. 


Funding was required, so Congress was 


: briefed on why the additional funding was 

: required. Thankfully, the discussions with 

3 Congress led to a mutual agreement and 
appropriation of the funding required to 

: get the CH-53K programme back on track. <= 








MV-22B OSPREY 


EVELOPED JOINTLY BY Bell 
Helicopter and Boeing from 
the earlier V-22A programme, 
the MV-22B tiltrotor entered 
service with the US Marine 
Corps in May 1999. The 
tiltrotor’s first operational deployment 
began in September 2007, when Marine 
Medium Tiltrotor Squadron 263 (VMM- 
263) arrived in Iraq. It later followed up 
by conducting the Osprey’s first MEU 
deployment aboard the USS Bataan 
(LHD 5) in May 2009. The US Marine 
Corps completed its transition from the 
CH-46E to the MV-22B in 2015. 





Ospreys are currently operational with 
17 active component Marine Medium 
Tiltrotor Squadrons (VMMs) and two 
reserve component squadrons. The 
service's newest Osprey unit, Marine 
Medium Tiltrotor Squadron 362 ‘Ugly 
Angels’ achieved full operational capability 
on February 28, 2020. 

Although the MV-22B fleet included 
numerous different configurations, the 
Common Configuration — Readiness and 
Modernization (CC-RAM) programme is 
updating approximately 129 Block B and 
124 early standard Block C MV-22Bs to the 
latest Block C production configuration. 


: These numbers include early non- 


deployable Block A MV-22Bs that were 

converted to Block B configuration. 
The CC-RAM programme (see below) 

is designed to reduce the number 

of configurations to around five by 

integrating all changes made to the 


: tiltrotor since the first Block B variants 


were delivered in 2005. 

The project began in September 2017 
and the first of three MV-22Bs entered the 
modification line at Boeing's Philadelphia, 
Pennsylvania, production facility in 


3 January 2018. Block C Osprey deliveries 


began in 2010. 





Included in the CC-RAM is the 


‘Raptors’ operates only the Block B version, 


Corps Air Station New River, North 


Below: MV-22B 


: Ospreys with 


modification of the fuel dump system operational squadrons will continue to Carolina, during the current FY2021. aha 25 i bea 

: the 22nd Marine 
and cockpit configuration, replacement operate a mix of Block B and Block C Recent upgrades to the MV-22B : Expeditionary 
of the weather radar, installation of a Ospreys until the CC-RAM programme is installed the AAQ-24 Large Infrared Unit prepare 


traffic collision avoidance system (TCAS), 


completed. 


Countermeasures (LAIRCM) system and 


to land on the 


| a | : flight deck 
an upgraded mission computer, and Each operational squadron operates 12 =: provided full fielding of the integrated aa USS 
upgraded electrical generators. MV-22Bs and the FRS is nominally assigned : aircraft survivability equipment. 3 Kearsarge (LHD 


The first CC-RAM upgraded Block C 


20 aircraft. 


The aircraft survivability equipment 


3) underway 


| | | | : in the Atlanti 
Osprey was delivered in December The MV-22 fleet includes 12 aircraft includes the APR-39A(V)2 or APR-39C(V)2_ : res bis ait 
2019. Delivery of the upgraded that are tasked with presidential support radar warning receiver, AAR-47E(V)2 = Marine Corps/LCpl 


tiltrotors is expected to be complete by 
March 2022. 

Although the Fleet Replacement 
Squadron (FRS), Marine Medium Tiltrotor 
Training Squadron 204 (VMMT-204) 


_ - .__ < = , —_—. —— + — 


= 


and 11 dedicated to support test and 
evaluation efforts. 

The number of active-duty squadrons 
will increase to 18 when VMM-212 stands 
up as the service's final unit at Marine 


missile warning system and the ALE-47 
countermeasure dispensing system. 
Defensive weapons include a GAU-21 


3 0.5-cal or 7.62mm M240 Ramp Mounted 
3 Weapon System. An MV-22B can also 


: Antonio Garcia 
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sm) ~MV-22B OSPREY 


M\V-22B OSPREY CHARACTERISTICS SUSTAINING the MV-22B | Element and centrepiece of Marine Air-to- 











The V-22 Readiness Program (VRP) is a : Ground Task Force (MAGTF) amphibious 
Fuselage length 57ft 4in holisti | | — Dei silen | | 
} olistic approach to platform readiness : lift, the Osprey must continue to evolve. Its 
Overall length ee Jamlelalie)(e(se) | | — ; | | 
mae re recovery. It encompasses all training, : evolution over the next five years through 
= | sustainment, and platform modification : 2024 will focus on: 
ViViTare ks ey-la 83ft 10in 5 ace a ; | “a ; —" 
| initiatives that contribute to the goal of : Facilities, readiness, and sustainability for 
Empty weight Eee le)ie) | _ 
| : : ar meeting the OSD readiness benchmark =: the growing fleet. 
Max gross weight 61001 00) 1 oN (r=1 160 (= 9) (e)Vanl=ia18) £8006 The two | a : | eeellieeeilei ian -_ ‘ 
Maxgrossweight | 570001 STOL a | Seno 
Mangoes waiant 52,600Ib (VTOL) a er ; y ree | ~~ : “ ; : : t me | : les Inc : ing development 
eee Sankt a “ guration — Reliability an : . anew ig t contro on to 
che spead aoe Modernization (CC-RAM, see below) and 3 di arin ater handling qualities an 
Service celling 25,000ft Nacelle Improvement (NI, see pera). [he ne poRsoan of enhanced visual noun. 
Combat range 430nm+ with 24 troops Osprey’s _ chance at re the : The design of the a pases unique 
Max range 2,230nm for self-deployment with three _ 2019 readiness plateau of 55% relies on challenges when operating in a dusty or 
IVAN Kcitelate ire Mectl ave] (sielaa rela cciie(s) | executing CC-RAM and Nl in parallel. A : obscured environment. To safely operate 
Payload 24 passengers, 12 litters or 12,500Ib of common configuration that implements —_: in its all-conditions role, the MV-22 
sel component re-design, modern avionics, : requires a suite of capabilities; improved 
Powerplant helo eI E Pea and design improvements to facilitate : flight control logic to improve aircraft 
engines, each rated at 6,200shp | : — oo 
= | 2 maintenance are required for closing : handling qualities, improved visualization 
Crew Two pilots, one crew chief 
the readiness gap. CC-RAM will update : and sensors, improved pilot cueing 
be equipped with a belly-mounted, ; older aircraft and bring the entire fleetto |: and open system avionics architecture 
remote controlled 7.62mm Defensive a minimum number of configurations, : necessary to host the system of systems. 
Weapon System. ; greatly simplifying the maintenance load. : Aircraft survivability 
The MV-22B is also being made 3 The Depot Readiness Initiative will : equipment upgrades. 
compatible with the latest ALQ- tear : give the Naval Air Depots the ability to : Digital interoperability including the 
231 Intrepid Tiger Il electronic : fliesoverthe : complete O-Level tasks, such as phases : MAGTF Agile Network Gateway Link 
countermeasures pod: integration of an : Yuma range : and TD incorporation, simultaneously with : (MANGL) to bring on Link 16, Common 
offensive weapons capability is still under vn PMI events, greatly reducing the O-Level : Datalink, Adaptive Networking Wideband 
consideration. and Tactics 7 work required to return post depot aircraft , Waveform (ANW2) and the Tactical 
The US Marine Corp's program of record : Instructor : — to flight status. : Targeting Network Technology (TTNT) 
includes 360 MV-22Bs, however the sn tencitle. ‘The US Marine Corps’ 2019 Aviation : IP-based waveform. 
service will receive 16 additional Ospreys 2021. US M arine | Plan gave the following overview of 3 Adding mission kits to support 
as part of a multi-year programme that : Corps/LCpl Larisa : the MV-22B:“As the core of the Marine : expanded mission sets like Network On 
began in 2018. : Chavez : Expeditionary Unit Aviation Combat : The Move- Airborne (NOTM-A). 
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of the CC-RAM plan which began in 2018 


configuration. This while beginning a 
two-year technology insertion cycle 

to leverage technologies from joint 
multi-role, future vertical lift, and other 
emerging technology initiatives. These 
will ensure that the MV-22 maintains its 
battlefield superiority while improving 
readiness at a lower cost for decades. 

When the CC-RAM programme started 
in 2018 there were 75 configurations 
of MV-22 aircraft. This will be reduced 
to 25, and then to 5 at its completion. 
The first aircraft was inducted into the 
modification programme in Q2 FY2018 
followed by a progressive ramp up to 
24 aircraft modifications per year until 
complete. The programme involves 
an initial Block B to Block C series of 
modifications for 129 aircraft followed 
by 126 early Block C to late Block C 
installations to achieve production 
configuration. 

Subsequent CC-RAM aircraft 
technology insertions will occur every 
4-6 years in continuous technology 
improvement cycles, 

readiness and reliability improvements 
and capability improvements will be 
bundled into CC-RAM tech insertion 
cycles as they mature and are affordable. 


The 2019 Aviation Plan also gave details : Above: An MV-22B 
: Osprey flies over 

| : Military Sealift 
and will bring all Block B and early Block C : 


aircraft to a late model Block C production : ship USNS Mercy 
: (T-AH 19) underway : 
: off the coast of 
: Southern California. : 
: The MV-22 was 

: completing 

: dynamic interface 
: testing, where 

: the ship’s aviation 
: facilities are 

: evaluated for 

: compatibility with =; 
: theV-22Ospreyand : 
: MH-60 Seahawk 

: and establish 

: launch and 

: recovery windows 

: inadverseweather_ : 
: conditions. US Navy/ : 
: Mass Communication 
= Specialist 3rd Class 

: Luke Cunningham 


Command hospital 


: Right: A boatswain’s 
: mate salutes an 

: MV-22B Osprey, 

: assigned to Marine 
: Medium Tiltrotor 

: Squadron 265 
(Reinforced), as 

: itdeparts the 

: flight deck of the 

: amphibious dock 

: landing ship USS 

: Ashland (LSD 

: 48).US Navy/Mass 

: Communication 

: Specialist 2nd Class 

: Markus Castaneda 


Nacelle Improvement 


: On January 27, 2021, NAVAIR awarded Bell 
: Boeing a US$81m contract to develop, 

: design and install nacelle modification 

: kits and install conversion area harnesses 


on the CV-22 Osprey, the Air Force Special 


: Operations Command's variant of the 

: tiltrotor aircraft. The US Marine Corps and 
3 US Navy are looking to incorporate the 

3 nacelle and wiring improvements onto 

3 the MV-22 and CMV-22B variants. 


The V-22 nacelles house the power and 


: propulsion components of the aircraft, 

3 and the conversion area includes complex 
: wiring bundles routing from each nacelle, 
3 feeding power through various elements 





3 of the aircraft. Together, the nacelles and 

7 harnesses are crucial and complex elements, 
: responsible for giving the V-22 its unique 

: ability to fly vertically and horizontally. 


According to NAVAIR approximately 


3 60% of maintenance man hours are 

3 spent in the nacelles. The planned 

: modifications were designed based on 

3 feedback from US Air Force and US Marine 
: Corps maintainers to improve access to 

7 the nacelles. 


Initial kit delivery and installs, 


covered in this contract, are scheduled 
3 for completion in late-2021 at Bell’s 
3 Assembly Center in Amarillo, Texas. 
: Tom Kaminski and Mark Ayton =< 
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woodland a are all Te atinectse 
a large plot plot of land beside 
the Patuxent ea St Mary 





staridards o)maar-layvaan or in the — % 
United States, albeit a little chilly inthe Se 
depth of winter. Fe | es 
The USNTPS trains students from allUS | 
military armed services and those from 
17 partner nations. Students are generally 
fleet-experienced aviators, usually 
lieutenants or captains, with three to five 
N(=¥-] a0) M0) @=1 £-18(0) a-1 =>. 0)=14(=1al@ =m] ae ¢= 
experts in their field of operation. 
VA" ated a mel aloleys ale merece l(et-liscymaal= 








Xa) (rel (0) a ole)-] ce Km ole) .@-1m- lami alel\y(elel-l hs “= 
il(o] al m=>.40l=1¢(=1a(@=mm (=r-10(=16518)] ©) 
o}co)anteie-]e)|liava-lalem-\er-(e (1p alien oy-(e.celcolelare 


- degrees in maths, science or engineering 





are preferred. 

As many as 72 students attend the 
USNTPS each year, divided between two 
classes starting at the end of January and . : 





July respectively. Each class comprises 
students following each curriculum: up 
coms WA (e)h-laYAN' ale fm moms <ce Mi ialen-lalemalial= 
airborne and unmanned systems. Class 
composition is driven by the level of 
funding awarded by all three US armed 
services and other nations. 
Generally, each class comprises 
17 US Navy students, 
TavelUleliaven=lare|ia(=-emice)pamcal= 







NEWZ MANIA A clareliom Ga pliclmAllcecelnt 
Division, four US Marines and five from 
the US Army. 

In 1961 the US Army signed a 
aalslente)cclalellaameymelare(-er-lalellarem iV iiomtals 
US Navy to provide helicopters and fixed- 
Viale eli ceie-] nme) meal=ee alele)Mlak=><e@lal-lalel= 
for student places each year. Today the 


US Army owns the C-12C Hurons and : Nola @-\VA de) amelciae]|ismuale Clicelelie aleillere)e)tsiesuelare 
UH-60L Blackhawks assigned tothe - courses run by the US Naval Test Pilot Schoo! based 
USNTP: WIG) 3S 2 ae at Naval Air Station Patuxent River, Maryland. 


in support of the syllabus under US Navy 


rules. The OH-58C Kiowas are owned by 

the US Navy. 

Jalsiuauleldelts 

USNTPS has a mix of highly experienced : 

Taki qablecole-mlarelleliavem-lquivobelela’maaliiit-lays 
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government civilians (who are generally 
the longest serving instructors), and 
civilian test pilot instructors who work for 
contractors. The diversity of experience in 
the instructor cadre is rated to be one of 
the school’s biggest strengths. Explaining 
domi aiciuauleive)@ ofele) a @e)anlant-lale (=) ay (=10=10 8), 

















USNTPS operates three F/A-18F Super 
iets. All the jets were built as part of 
low-rate initial production lot. 

US Naval Test Pilot Schoo! 
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DeBons, commanding officer of the 
school said: “We have dedicated academic 
instructors for the core subjects, but 
anytime we transition into the simulators 
or the aircraft, that’s when we provide 
aircraft specific instruction about a 
particular exercise.” 


Maintenance 

Like its cadre of instructors, USNTPS 

has a small aviation programme team 

of enlisted and active-duty US Navy 
personnel, which provides oversight to a 
very complex maintenance department 
comprising some 200 people. A 
maintenance control officer oversees all 
four maintenance contracts which cover 
eleven different manned types of aircraft 
assigned to the USNTPS - unmanned 
systems are not covered by the school’s 
contracts. 

The US Army contracts to DynCorp for 
the C-12, the US Navy contracts through 
Airbus to StandardAreo for the UH-72s, 
another small contract for provision 
of maintenance on the C-26 ASTARS, 
and one big contract with DynCorp for 
everything else. 


Fixed and Rotary Wing | 


: students following the fixed wing and 

3 the airborne and unmanned systems 

i curriculums. It is a primary aircraft used 
: by students to complete evaluations of 
: the radar, sensors, systems, and weapon 
3 delivery accuracy. 


3 use the Super Hornets for exercises with 
3 some weapon systems and augmented 
3 flying qualities evaluation - the latter 

3 requires a student to determine how 

3 the flight control laws of the aircraft 
work. Toward the end of their course a 

: student uses a Super Hornet to conduct 


Fleets 


3 The USNTPS currently operates a fleet 

3 of aircraft and helicopters comprising 

3 13 types. Fixed wing types are the C-12 

: Huron, C-26A Metroliner, F/A-18F Super 

7 Hornet, I-6B Texan Il (primary type), T-38C 
: Talon (primary type), NU-1B Otter, U-6A 

3 Beaver, and the X-26A Frigate (Schweizer 
3 2-32) glider. The Frigate gliders are the 

: oldest aircraft with an X, or experimental, 
3 designation in the US Depertment of 

: Defense inventory. 


The Super Hornets are shared between 


Students on the fixed-wing curriculum 


3 flying qualities are demonstrated to 

7 the student in a T-6B to prepare them 

: for evaluating the technique, the flying 
7 qualities and the T-38C with a report 

3 on the T-38. 





: Above: UH- 

departures from controlled flight : 72A BuNo 
: and spins. : 168245/70, 
; seenonthe 
: T-6B Texan Ils are used to demonstrate | waterfront flight 
: most flight test techniques and those : line used by the 
: topics that students subsequently 3 oto is —" 
09 ' | : of five assigne 
3 evaluate with the T-38C Talon. For : to the school. 
: example, a performance technique or : Mark Ayton 


The C-12 Hurons are used for the 


: multi-engine element of the fixed wing 
: curriculum, specifically asymmetric power 7 
3 demonstration and determination of the 
, minimum control velocity or VMCA. 


C-12 assigned to the USNTPS have 


3 undergone a cockpit upgrade featuring 
| the Garmin 1000 GPS which now 

3 forms part of a navigation system 

7 evaluation exercise. 


Built by Schweizer in Elmira, New York, 


: the school’s X-26 gliders were originally 
3 bought by the US Navy to introduce jet 

3 fighter pilots of the day to high roll and 

3 yaw coupling in a bid to avoid accidents 
: caused by bad yaw roll coupling. 
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Today, the school uses its X-26 for 
student evaluation of its high lift to drag, 
and high aspect ratio characteristics 
with the associated adverse roll and yaw 
coupling characteristics. 


Cdr DeBons said the school also uses the : 
X-26 to evaluate energy management and : 


unpowered flying quality, “how do you 
manage your energy state, what can you 


do with that energy state, and how do you 
land safely and predictably every time? We : 
also do spins and aerobatics with the X-26 : 


to increase a student's experience of how 
an aircraft’s envelope expands.” 


Rotary wing types are the OH-58C Kiowa, : 


UH-60 Blackhawk (primary type), and the 
UH-72 Lakota (primary type). 

Students get NATOPS qualification on 
the primary types, so they're checked 
out as pilot and command on those two 
airframes. 

The USNTPS operates OH-58 Kiowas to 
assess high-risk test profile autorotation 
techniques, a capability retained by the 
school against a wider depletion of that 


Small fleets of US Army-owned UH-60 
Blackhawks and US Navy-owned UH-72s 
are used for performance exercises. 

All the Blackhawks assigned to the 
school are variable stability platforms, a 


: Below: X-26A 
: glider BuNo 
ve _, | : 159260/32 get 
capability in many training establishments. : bt nt 
: tow bya U-6A 
Beaver at Naval 
: Air Station 
Patuxent River. 
: US Naval Test Pilot 


: School 


: capability used by rotary wing students 

: toward the end of their syllabus. Students 
7 conduct a variable stability augmented 

: flying control exercise which involves 

: several components or couplings that 

3 alter the aircraft's control for better or 
worse to demonstrate the complexity 

: under which a broader control system is 
3 possible. The student must identify areas 
3 that need to be fixed, which can be done 
3 in real-time as they're doing a hover or a 

; reposition task. 


Operating three types of helicopters, 


: provides a mix of rotor hub designs: the 

; OH-58 Kiowa with a teetering high-inertia 
: head, the UH-60 Blackhawk with four 
independent semi-articulated, leading lag 
; blades, and the UH-72 Lakota's stiff high- 

: offset rotor. 


‘ Unmanned Systems 

; Completing its fleet are two Group 1 

3 unmanned systems, an X8-M quadcopter, 
: anda fixed wing Aero-M. These small 

: drones are used to provide all students 

: with some experience of unmanned air 

3 vehicle operation. 


The first US Navy-owned unmanned air 


3 system arrived at the school in 2014 and 
: was used for the unmanned element of 
: the then airborne systems curriculum. In 
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: 2019 the curriculum’s named was formally 
3 changed to airborne and unmanned 
systems which now includes four 

3 simulator sessions operating big systems 

3 like the MQ-4 Triton and MQ-9 Reaper. 

3 According to Cdr DeBons, students also fly 
: two to four missions with an unmanned 

3 air vehicle - at least 50% in-house and the 

7 remainder with Air Test and Evaluation 

3 Squadron 24 (UX-24) based at Webster 

: Field just south of Patuxent River, NAVAIR's 
: first unmanned test squadron. He said: 

3 “We're developing our partnership 

: and longstanding agreements with 

: UX-24 to share assets and develop our 

: curriculum further.” 


One of the main drivers for expansion of 


3 the unmanned curriculum at the school is 
3 the all-new but nascent MQ-25 Stingray. 

: “We will prepare graduates to be project 

3 officers and test pilots for unmanned 

: systems with experience, knowledge and 
: the ability to speak smartly on the subject 
3 as advocates for the capabilities,’ said the 
, commander. 


Outlining the increasing relevance 


3 of unmanned air systems in warfare, 

: he continued: “At this point, all our 

3 graduates will have some interaction 

: with unmanned systems either in test or 
3 when they get back to operational units. 
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Whether they operate unmanned air 
systems themselves or operate with such 
systems integrated into the battle space, it 
is now a fact of life?’ 


Contractor Support 


For many years, the USNTPS contracted 
Calspan for use of the company’s variable 
stability Learjet with its in-flight simulation 
capability, and its Saab 340 Airborne 
Systems Training and Research Support 
aircraft dubbed the ASTARS II. Since 
August 2018, the school has operated its 


its primary systems test bed. The ASTARS 
Ill is equipped with a Vixen 500 active 
electronically scanned array radar and an 
MX-15 imaging system and configured in 
a modular way to enable the installation 
of new systems when funding becomes 
available. 


Courses 
The school's bread and butter are two 
annual long courses, lasting 48 weeks 
which offer three separate syllabuses in 
fixed-wing, rotary-wing, and airborne and 
unmanned systems. 

Depending on the syllabus taken, 
each individual graduates as either an 
experimental or developmental test pilot, 


a flight officer, or an engineer. The 48-week 3 


course includes two months of pre-arrival 
training and generally follow the same 
sequence of phases. 


Courses generally start with pitot-static 


: and performance sections, then move 

: into stability and control, flying qualities 
3 and handling qualities. Augmented 

: flying qualities or advanced flight control 
3 systems follow. 


The airborne and unmanned systems 


: syllabus, which is unique to the USNTPS, 
3 goes more in-depth into airborne radars, 
: electro-optical and infrared sensors, 

: networked capabilities, integrated 

3 systems demonstrations, and unmanned 
: aerial systems. 

own C-26A Metroliner ASTARS Ill aircraft as 3 


The final phase of the long course 


3 is a capstone exercise or a technical 

: evaluation where students deploy to 

3 another location in small groups for 

3 a limited period to fly and evaluate a 

3 type of aircraft not flown before. Once 
| finished, each student has nine days to 
3 write a final report comprising between 


: Above: The T-6B 
: Texan Ilis the 

: primary fixed 

: wing turboprop 
: aircraft used 

: by the USNTPS. 
: US Naval Test 

: Pilot School/Erik 

: Hilderbrandt 
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: 100 and 150 pages of technical evaluation 
: onan aircraft. 


Explaining the capstone exercise, 


3 Cdr DeBons said:“The range of aircraft 

: the students will evaluate is vast: from 

3 propeller-driven warbirds to modern 

3 helicopters and aircraft from the civilian 

7 market, US armed forces, and those of our 
: partner nations.’ 


Part of the planning process and tools 


7 given to the students are all about test, 
: design execution, and risk management 
: aspects of test flying. At the nine to ten 


: Below: The T-38C : 
: Talon is the 

: primary fixed 

: wing jet aircraft 
: used by the 

: USNTPS. T-38C 
: BuNo 158198/10 : 
: isseenonfinal  : 
: approach at Pax 
> River. Mark Ayton 


month point in the curriculum, students 


: are fully familiar with those aspects and 

3 can determine the pertinent parts of the 
7 aircraft's manual and what's required to 

: execute the assessment flights safely. 


According to Cdr DeBons, the student 


asks questions about the aircraft which 
: are sent to the host unit. Once responses 














have been received, students spend a 
week to formulate a plan so they’re able 
to conduct a comprehensive evaluation. 
“Sometimes they require some simulator 
rides, he said. “It’s all based on the 
platform and how their risk management 
plan will allow them to safely execute 

the assessment flights accompanied by a 
safety pilot from the host unit” 


Setting the Scene 

The school’s 11-month student experience 3 
is a process, which starts with theory. : 
Teaching the student essential aspects 

of the flight test business such as how 

to mitigate risk, how to understand 

hazards, how to get into uncomfortable 
flight environments, how to fly a sortie 

to carry out test techniques, how to 

gather and understand test data, and 

how to communicate the test results in 
report form. 

The school actively drives the point that 
flight testing is not just about an aircraft 
or a system, but also the battlefield, the 
threats and how to prosecute them, and 
how target prosecution fits within the 
framework of the Department of Defense 
and the US armed service. 

In that regard the school likes to cross- 
pollinate its curriculum as much as it can. 
For example, airborne systems students 
will fly a couple of times in a helicopter 
and might then be challenged to 
complete a final project on helicopters. 


Likewise, all rotary wing pilots fly an 
entire fixed-wing syllabus comprising four : 
flights in a contractor owned Learjet, three : 
or four flights in the C-12, the U-6A Beaver, : 
and a glider. Similarly, fixed-wing students : 


3 Above: F/A- 


18F Super 


: Hornet BuNo 


166541/00 over 
Chesapeake Bay 


: during a photo 


: flight with the 


fly rotary-wing. 

The USNTPS operates with three core 
mandates - that all flying is undertaken in 
an operational context; that aeronautical 
excellence is practised all the time; and 
that communication is always given in an 
effective manner. 

To uphold each mandate the flight test 
design school teaches students how to 
mitigate risk in everything they do from 
creating a test plan to flying the test. 

The test design school also ensures that 
all work undertaken by each student 

in the classroom, laboratory, simulator, 
during briefings and during sorties flown 
with an instructor is conducted in an 
operational context. 

However, half the sorties flown by 


students (known as exercise demo flights) : 


are conducted with a fellow student 
and involve gathering data. Post-flight, 


students must reduce the amount of data, 3 
then compile and write a report (see later). : 


There are 24 exercises per course. 
Students are selected to attend 
the school based on their technical 
and tactical proficiency. Each group 
comprises fleet aviators, many 
with recent combat experience, 
and engineers who have recently 


: arrestor hook 
: andlanding 
: gears lowered. 


US Naval Test 
Pilot School/Erik 
Hilderbrandt 
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: accomplished notable achievements 
: in their discipline and have all 
: demonstrated aeronautical excellence. 


Whatever their skill set, they must all be 


3 able to gather test data in a disciplined 
7 fashion to successfully complete their 
: course at the USNTPS. 


That’s no mean feat because course 


3 flying is challenging. It’s difficult to fly 

7 sensitive test points to plus or minus one 
3 knot of airspeed, but the school teaches 
3 students how to fly in such a way. 


In the first phase the school teaches 


real time risk, which must come into 

3 play when airborne. There's also the 

: mission relation aspect. What is a piece 
3 of equipment or aeroplane going to do 
3 for the warfighter and how is it going 

: to enhance the mission? How does 
data gathered during an exercise apply 
7 to the mission? Why is it wrong and 

: why is it bad? Can you articulate the 

: test results? 


Such considerations must be driven 


: home by the student in their reports. 


- Rotary Wing Syllabus 
: With up to 12 rotary wing students in 

: each class, the school divides them into 

: two groups of up to six: one group fly 

3 the UH-72 as their primary aircraft in 

: the first half of the course, the others fly 

3 the UH-60. All students complete eight 

: reports in the first half of the course, one 
: each for a cockpit evaluation, an engine 
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assessment, a hover/vertical climb 
performance, a level flight performance, 
a capstone climbs and descents 
performance, a UAS introduction, an 
introduction to handling qualities and 

a mechanical characteristics report. 
That's the baseline for the first half of 
the course. 

The two groups swap for the second 
half: the performance students swap the 
UH-72 for the UH-60 and begin a series of 
flying qualities exercises. These involve the 
use of a variable stability system as fitted 
to the UH-60s, static and dynamic flight- 
testing in the longitudinal and lateral/ 
directional axes, followed by low airspeed, 
advanced flight control system analysis 
and autopilot evaluation. To accomplish 
each test, a student must understand the 
upper modes, how systems are designed 
to work and how they function, and 
ultimately determine whether they are 
good enough for the mission. 

There are two full-up low airspeed 
exercises. One to evaluate the effects of 
5, 10, 15 and 20-knot wind increments on 


3 all different azimuths of the helicopter, 

: and one comprising a series of mission 

3 task elements to determine how the 

: aircraft responds and what the handling 
: qualities are like as it responds. This 

3 builds on predictive handling quality 

: ratings they evaluated in the simulator 

3 prior to flight. 


Students also fly three autorotation 


7 exercises in the OH-58. The first flight 

3 ensures precise, repeatable touchdown 
auto rotations. The second is an 

3 evaluation of a nine-point profile given 
3 to them for which they must reduce 

: the amount of data and out brief the 

3 instructors with a recommended flare 

7 speed and altitude to make a safe auto 
3 rotation for a training student. 


The final flight is a high velocity 


! demonstration involving 23 points of 

3 flying throughout various regions of the 
3 helicopter’s high velocity curve: starting 
3 in the safe region, working into caution. 
7 They then fly along the avoid region to 
build their confidence with testing ina 

7 challenging and dynamic environment. 
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: Above: UH-72 
: Lakota BuNo 

: 168247 

: hovering 

: above its 

: parking spot 

: onthe USNTPS 
: waterfront 

: flight line. Mark 
: Ayton 


: Flying Operations 

: Each student flies about 100 times 

: during the course in multiple types, 

: including qualitative evaluation aircraft, 
: amounting to 100 to 125 flight hours. 

: The term qualitative evaluation aircraft 
: refers to types like a B-25 Mitchell 

: bomber brought to Pax River for 

: students to fly and evaluate. Some 

: students travel to other locations to fly 
: and evaluate different types of aircraft. 
: Typically, students fly every other day 
: and must work hard to balance the 

: requirements between daily classroom 
7 sessions, briefings and flying. Their day 
3 tends to start around 5.30am and finish 
3 about 6.00pm, after which they make a 
: visit to the scheduler to receive tasking 
: for the next day, which usually involves a 
: different aircraft type. 

3 Rotary wing students are often 

: scheduled to fly a fixed wing aircraft, 

: which means they must find their 

7 classmate around the school, work 

: through the scheduled exercise 

: and then take a sit in the aircraft to 





: run through the checklist, maybe 

3 completing their day as late as 8.00pm. 
3 That makes for a tough routine Monday 
: through Friday, not to mention the work 3 
3 required through the weekend. 


Reports and Final 


Projects 


3 A major part of the student's course is 

: writing up a technical report for each of 
3 the 24 exercises undertaken. The task 

7 varies from a few technical paragraphs 

| to the 175-page final report. Whatever 

3 the extent of the report, it must contain 
7 sections on the evaluation undertaken, 
: the results, mission suitability and 

: supporting data. 


Reports are difficult to write because, 


; for example, 12 engineering plots must 
: be covered in just five paragraphs. 


Most of the school’s aircraft are 


7 instrumented and equipped with solid- 
| state data recorders, the repository 

3 used by the student to acquire snippets 
of supporting data to be used in 

3 their report. 


Each paragraph on evaluation and 


results should reference a paragraph of 
3 supporting data, which in turn should 
reference a plot or a graph. Reports of 

3 this nature can be 60 pages long. 


However, the final report is always 


the biggest because it’s about the 
: evaluation of an aircraft by a two- 
: man team neither of whom have any 


: previous experience of the type; one 
: that is always based at another location 
: either in the United States or overseas. 


Right: 

A contractor 

crew chief 
conducts a pre- 
flight check on 

the USNTPS’s 
C-26A ATARS Ill 
aircraft, BuNo 
860456/40, 

at the United 
States Naval Test : 
Pilot School, 
Patuxent River, 
Maryland. US 

Naval Test Pilot 
School/Brittany 
Dickerson 


Students spend three weeks creating a 


: test plan, get six flight hours to evaluate 
: the aircraft, and nine days to write-up a 


comprehensive evaluation report. 
When the two-man student team arrives 


3 on site they conduct a ground evaluation, 
: analyse the cockpit, and then fit the 

: instrumentation required. If available, 

: the students fly a simulator before 

: making their first flight accompanied by a 
: safety pilot. 


A lot of time is spent understanding the 


| manuals, systems, how the flight controls 
3 and engines are designed, what the aircraft 
7 is supposed to do, and its performance. 


Flight test manuals are studied to 


3 understand the associated tests. Those 

3 applicable to the type under evaluation are 
then entered into the test plan, which is 

: submitted to the school for review by the 

3 commanding officer (who is also chairman 
3 of the board) and his staff. Those deemed 

: OKare developed into a six-hour flying 

: programme. 


Back in 2015, the USNTPS completed 


: two final projects that were first time 

: evaluations: one on an unmanned aerial 

: system and one about a system of systems, 
3 which involved an AH-64 Apache attack 

: helicopter and an Aerostar unmanned 

: aerial vehicle linking to each other. 


The school also completed its first live 


3 virtual construct which involved five 

3 students. One in a US Army AH-64 Apache, 
: two ina US Navy MH-60R Seahawk, one 
:_in the USNTPS' laboratory and the fifth 

3 in a simulator. The event also included a 

: simulated MH-60R. 


| 





Students observed waterborne 


: constructive targets inter-mixed with live 
: sailboats and passed information toa 
command-and-control node. 


To stay in step with Department of 


: Defense doctrines, the school has evolved 
: the airborne systems curriculum into an 

: Open architecture laboratory interfaced 
with larger NAVAIR programmes. 


- Graduation 
: After completion of their course, regardless 
of their service, all graduates go into a test 


squadron, in the case of the US Navy for 


a two to three-year assignment. Within 
two to three months of arrival on the test 

: squadron the graduate should be fully 

3 qualified on a type or types of aircraft and 

: ready to do project work. Fast jet pilots and 
NFOs go to either Air Test and Evaluation 

: Squadron 23 (VX-23) at Pax or VX-31 at 

: Naval Air Weapons Station China Lake, 

: California, and occasionally VX-30 at Naval 

: Air Station Point Mugu, also in California. 

: Those bound for the big wing types like 

: the E-2 Hawkeye, E-6 Mercury and P-8 

: Poseidon go to VX-20, and helicopter pilots 
3 are assigned to HX-21. Both squadrons are 
: based at Pax River. 


Most US Army graduates go to the 


: Aviation Flight Test Directorate, part of the 

: Redstone Test Centre in Huntsville Alabama. 
: The directorate operates dozens of aircraft 

: with hundreds of personnel assigned to 

: run dozens of test programmes. Others 

go to the rapid prototype division within 
the US Army’s Research and Development 

: Command at Fort Eustis Virginia. <= 
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NU-1B OTTER AND U-0A BEAVER 


Above: US 
Naval Test Pilot 
School's U-6A 
Beaver BuNo 
150191/34 in 
formation with 
NU-1B Otter 
BuNo 144670. 
US Naval Test Pilot 
School 







ARELY DOES ONE squadron 
have the distinction and 
privilege to operate the oldest 
' continuous service aircraft 

in the inventory of its parent 
armed service. In the case of 


: the US Navy, that distinction resides with 
: the US Naval Test Pilot School with NU-1B 
: Otter, BUNo 144670 (c/n 151). Originally 

: delivered to the US Navy on September 28, 


Mark Ayton details two 
piston-engine aircraft in 
service with the US Naval 
Test Pilot School: the NU-1B 
Otter and U-6A Beaver. 


: 1956, shortly after its production designated 
as a UC-1A, BuNo 144670 was one of five 

7 assigned to Air Development Squadron 

7 6 (VX-6) that were deployed to Antarctica 

3 as part of Operation Deep Freeze. The five 

: piston-powered aircraft remained assigned 

3 to the operation, BuNo 144670 for ten years 
: affording a harsh start to its service life, given | 
| 1966 and designated as an NU-1B, where 
: it continues to serve to this day with a 


: the environmental conditions found in the 
: icy continent. 
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BuNo 144670 suffered two mishaps. 


: One in December 1961 (an undercarriage 
3 collapse at South Canterbury, New 

: Zealand) and one in January 1965 (engine 
: failure caused a forced landing at Skelton 
| glacier, Antarctica). The aircraft was rebuilt 
| twice and returned to the United States. It 


reported for duty at the USNTPS in October 





completely unbroken record of naval 
service since 1956. 

But the school’s antique collection also 
includes two U-6A Beavers which are a bit 
older than the Otter: BUNo 150191 and 
BuNo 164525 were built by de Havilland 
Canada at Downsview, Ontario in 1952 
and 1953 respectively. 

Aircraft BuNo 150191 was originally built 
for and delivered to the US Air Force as an 


\\S NAL 


0.5 TSI . Si 





: L-20A (s/n 51-16561 c/n 1174) and served 
in the liaison role for about nine years 

: before it was transferred to the US Navy 

: inventory in July 1961 and subsequently 

| designated as a U-6A in 1962. From July 

7 1961, 150191 served at Keflavik, Iceland, 

: Naval Air Station Norfolk, Virginia, and Pax 
3 River, initially with Fleet Aircraft Service 

: Squadron 107 (FASRON-107) and from 

: 1968, the USNTPS. 


The second U-6A, BUNo 164525, was 


3 also originally built for and delivered to the 
: US Air Force as an L-20A (s/n 53-6113 ¢/n 

; 1275) in April 1953. The aircraft served in 

: the liaison role at various locations until it 

: was struck off charge on March 15, 1965. 
Having served with the State of Maine 

: Forestry Service for nearly 25 years, in the 
spring of 1990, the aircraft was cancelled 

: on the Federal Aviation Agency register 
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and subsequently arrived at Pax River for 
the USNTPS. 


IN Schoo 

DHC designed its Beaver and Otter 
families of aircraft for short take-off and 
landing, bush operations. Many remain 

in commercial service to this day. Most 
Otter aircraft have undergone conversion 
to turbines and many Beaver aircraft 


continue to operate as floatplanes and light 


transports customised for rough landing 
strips located in wilderness locations. 

Both aircraft assigned to the USNTPS 
have three-bladed Hartzell propellers, the 
modern replacement of the original two- 
blade props. 

The USNTPS uses both types for 
introducing students to the complexities 
of their respective handling qualities, to fly 


exercises exploring lateral directional flying 


qualities, and for a flying qualities progress 
check with students following the fixed 
wing syllabus. 

Commander Jeremy DeBons, 
commanding officer of the USNTPS is a 
NATOPS-qualified pilot and an instructor 
for both the U-6A Beaver and NU-1B 
Otter. Explaining the aircraft's applicability, 
he said: “The aircraft are great for those 
roles, especially the handling qualities’ 
introduction, which is one of the first 
syllabus events during which the students 
are asked to observe themselves flying 
the airplane and observe the aircraft's 
responses based on their inputs to the 


control system. That is the introductory 
: transition into test piloting. 


“They're great aircraft for that because 


3 they have unique characteristics in their 

3 control systems, not to mention their 

| taildragger configuration which makes 

: them directionally unstable on the 
ground during taxi, take-off, and landing. 
3 Additionally, they are powered by Pratt & 
2 Whitney Wasp-family radial engines, an 

3 R-985 on the Beavers, and an R-1340 on 

2 the Otter - the last such aircraft that the US 
: Navy, probably all armed services, have in 
: operation. 


“For students, the combined effect 


| of flying a new aircraft powered by a 

, different type of engine, with a tail wheel 

| configuration, for new mission set for the 

: very first time with the expectation placed 
3 upon them to complete tasks and the tell 

3 us what they don't like about the airplane, 
3 is a challenge for most of them, given that 
| there's quite a lot to not like about the 

7 aircraft, but that’s part of the syllabus. You 

3 cant treat a radial engine like a digitally 

3 controlled engine on an F/A-18. Operating 
: a piston-powered aircraft requires some 

3 care because the engine will soon react 

: when you're doing something wrong, and 
3 you must correct. 

: “When a student starts the course, they've 
? probably flown three aircraft, unless they 

3 have other general aviation background. 

3 By this point in the syllabus, they may have 
another three or four. Development of their 
; flight test mindset is still at an early stage. 


“Flying a Beaver or the Otter is a unique 


3 experience for the students, but we 
3 deliberately stage those flights to get them 
, out of their comfort zone. Human beings 
: are compensators, and we compensate 

| for a lot of things. If you don’t know what 
? to compensate for, you don't apply any 

3 compensation, and that's what we want 
; them to experience. We want them to fly 
7 the aircraft without having a strategy for 
3 taming it.’ 


Fixed wing student pilots and engineers 


: are split into three groups. A third of them 
do their handling qualities introduction 

: flight in a U-6A Beaver, another third use 

3 the Otter and the final third, the C-12 

3 Huron. They then rotate to one of the 

7 other two types for their lateral directional 
| exercise, and finally the third of the three 

: types for their progress check. 


“Students usually accumulate between 


3 one-and-a-half and two hours flying time 
3 in the radial engine types,’ continued Cdr 
| DeBons. “We also use the Beavers to tow 

3 our X-26 gliders giving students another 

7 opportunity to get a couple of extra 

3 landings [both Beavers are equipped with 
7 a glider tow package but not the Otter]. 

3 We also use the Beavers and Otter for 

: build-up and risk reduction. For example, 
7 last year we staged a final project on the 

3 P-51 Mustang. To maximise the students’ 

7 familiarisation with super charged radial 

| engines they flew the Beaver to get used 

3 to its engine management characteristics 
: which were outside of the scope of the 
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: Above: U-6A 

: Beavers and 

: the NU-1B Otter 
: assigned to the 
: US Naval Test 

: Pilot School 

: are finished in 

: agloss orange 

: and white colour 
: scheme, one 

: of many used 

: by the aircraft 

: over decades of 
: service. US Naval 
: Test Pilot School 


previous syllabus flights. It’s staged as a 
build-up before flying the P-51. Otherwise, 
we don't typically do extra flights with 
either the Beavers or the Otter’ 

The Beavers and the Otter fall under the 
maintenance contract held with DynCorp, 
but do not have a US Navy supply 
system for parts. They are maintained in 


accordance with Federal Aviation Authority 3 


[FAA] regulations for airworthiness, which 
means DynCorp is allowed to purchase 
opensource parts produced for the large 
active civilian fleet. 

Four USNTPS pilots are qualified on the 
Beaver and two on the Otter. Typically, 
the school has not had many active-duty 
instructors qualified on the two aircraft 
because of turnover and the amount of 
time required to train someone to the 
required proficiency with tail dragger 
aircraft. The school retains government 
civilian and contractor pilots qualified on 
the Beaver and Otter for continuity. 


Beaver-Otter 
Comparison 


Explaining some of the similarities and 
differences between a Beaver and an Otter, 
Cdr DeBons said that both aircraft are 
similar in design and lineage but fly very 
differently. He said: “Il equate the Beaver to 
a pick-up truck - it’s responsive and does 
what you want when commanded. The 
Otter is like a Cadillac - it floats around a 
bit, is slower to respond, and it’s a bigger 
aeroplane, just over 8,000Ib max gross 
weight. Both aircraft have deficiencies 
related to lateral and directional flying 
qualities, although the specifics are 
different. 

“Both aircraft have very pronounced 
adverse yaw such that if you only input 
ailerons, you get 20 degrees sidestlip. If 
you un-coordinate your turns or keep the 
yaw like most F/A-18 pilots tend to do, it 
generates a lot of sideslip. The crosswind 
landing in a taildragger requires some 
sideslip (un-centred ball). Landings require 
multi-axis inputs and precision of control. 





3 The ball is out of centre, the heading 
: control is imprecise, and the pilot is chasing 
: everything. 


“Stall tendencies differ between the two 


3 types and neither offer much in the way 

7 of stall warning. When the two types were 
: certificated in the 1950s, stall warning 
requirements were much different than 

3 those of today.’ 


A cockpit modernisation programme 


: for all three vintage aircraft is currently 
underway. The Otter is already complete 

7 and fitted with vertically stacked primary 

: flight displays: two Aspen 1000s on the left 
3 side with an electronic stand by attitude 

3 gauge, and a single Aspen 1000 on 

| the right. 


Navigational systems included in 


3 the upgrade are the Garmin GTN 

3 650 (the GIN750 on the Beavers), a 

3 touchscreen multi-function display with 

3 communication and GPS navigation 

3 with localizer performance with vertical 

3 guidance (LPV) capability. The latter 

7 enables the pilot to fly precise GPS 
instrument approaches and for USNTPS 

3 students the ability to fly vertical guidance 
3 approaches. 


Cdr DeBons called it a great example of 


3 how you can modernise the cockpit and 

3 still retain the original flying characteristics. 
He said:“We've changed the panel but 

: flying the aircraft still requires you to look 

: outside and complete the task. At the same 


: Above: USNTPS 
: U-6A Beavers 
: haveamaxgross : 


: weight of just 

: over 5,100lb, 

: and are powered 
: bya single Pratt 

: & Whitney R-985 
: radial engine. 

: Operated by 

: one ortwo 

: pilots, they can 

: accommodate 

: up to two 

: passengers. Mark 
: Ayton 


: Left: The 

: USNTPS NU-1B 

: Otterhasa 

: maximum gross 
: weight of just 

: over 8,000Ib, is 
: powered bya 

: single Pratt & 

: Whitney R-1340 
: radial engine, 

: operated by 

: one or two 

: pilots and can 

: accommodate 

: up toten 

: passengers. 

: Mark Ayton 
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: time, we can bring in other aspects of the 

7 syllabus. For example, we can ask the class 

: to doa navigation evaluation, or a pilot 

3 vehicle interface evaluation. Is this set-up, 
okay? Do you like single pilot operation, or 
: should we move things around? Once we 

3 get a similar system into the Beaver aircraft, 
3 we'll be able to capitalise the capabilities 

3 even more.’ 


Explaining short runway operations 


3 simulation, Cdr DeBons said: “We simulate 

: short runway ops using a main runway 

3 and say, from this point to this point is your 
3 simulated 1,500 feet landing strip, and you 
7 can use the mid-section of the runway as 

3 the simulated 75-foot-wide strip. Typically, 

, we give a student three or four warm up 

7 passes before starting simulation of a 
shorter runway. The instructor will ask the 

: student to aim at a specific point and touch 
3 down by another specific point to increase 
3 the gains and the workload artificially. 

3 After six or seven landings they can put 

3 extra pressure on themselves and see the 

7 deficiencies in the aircraft and be able to 

3 communicate those back to the instructor. 


“Students don’t have any compensation 


3 strategies during the early stages of the 

; course, so instructors try to get them just 
3 to the point where they're developing a 

3 strategy on how to do the task precisely, 
3 then they're stopped and asked to 

: share the experience. If we wait too 

: long, students become accustomed to 

: deficiencies and compensate for them 

3 naturally without realising anymore.’ 


Interestingly, a student's typical mission 


3 profile extends 15 miles out from Pax 

, River, remaining in a designated operating 
, area up to an altitude of 3,500ft. Most 

: student tasking with either the Beaver 

3 or Otter are associated with the landing 

7 pattern because of the demanding 

3 characteristics of each aircraft and the 

3 control precision required by the student: 
| both aircraft types are unforgiving to 

: carelessness. <= 








F-OB MERCURY 







David Isby and Mark Ayton 
provide an overview of the US 
Navy’s E-6B Mercury strategic 
ofe)anlanlelaleme|alemere)aldce)me||cejcenie 


Above: E-6B BuNo 
164387 assigned 
to Air Test and 
SAVEVICF-Laleya| 
Squadron 20 
(VX-20) at March 
Air Reserve Base 
Tam @-liiielaalt maple 
Stijovich 





Length 
Stabiliser span 
Height 
Duration 


Duration with air refuelling 


Max gross weight 
Max speed 
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EN ONE APPEARS 
Taneeclaciiemelelaiaren-la 
exercise or is seen 
flying over a location 
in the United States 
the press calls it the 
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3 Boeing E-6B Mercury aircraft earned their 
: nickname because of their mission set, 

7 Walle Miarelece(scmerclaripalindiare emi pal=i(e [sale] 

: Action Messages (EAM) to US strategic 

, nuclear forces — bombers, silo-based 
intercontinental ballistic missiles (ICBMs) 

: and submarine-launched ballistic missiles 
| (SIMS IV) -lalo re] dialenee)aalantclaemimccelUllcce) 
: in the event of a surprise nuclear attack. 

: Strategic Command (STRATCOM)-the 
o}cer-lalrr-1d(ola mw altake) e=ie-10(e)al-]mae)alice) Kelmess | 
7 Air Force bombers and missiles committed 7 
3 ever operated by the US Navy and the 

7 small force comprises the last 707s to roll- 


: to America’s strategic deterrence mission — 
? also controls the E-6Bs standing alert duty 
, or taking part in exercises as part of its Task 3 
: Force 124 (TF 124). 


Wingspan | 148ft 4in 


150ft 4in 
45ft 8in 
42ft 5in 
13.5 hours 
72 hours 


342,000lb 

Ni Felel ane ests 

42,000ft 

ohol0lOlalaamuuisamci allem (elinais 
time 


Four CFM-56-2A-2 high-bypass 
turbofan engines each rated at 
24,000Ib 


NUCLEAR 


: However, the E-6B can also use its 
: extensive command, control, and 

: communications (C3) capabilities to 
7 co) ato [U(eimo)ig(= manic) e)akwaeaelcellare 


7 to unconfirmed reports, E-6Bs have 

| Ulate(lae-]<akeelanlaalelaleclde anc) melvin 
7 high-priority US military operations, such 
7 as the 2011 raid into Pakistan that killed 

3 terrorist leader Osama bin Laden. 


During high-priority missions, assured 


3 connectivity between military forces and 
, the national command authorities is vital. 
7 The E-6B can provide assurance that links 
3 will be maintained even at the height of a 
crisis or if America is under attack. 


| C)elelrelue)ts 


The E-6B Mercury is a modified Boeing 
707-320B airframe, the heaviest aircraft 


(0) sida lom ©) cele (8 (eid(o)an llal=w- 1m s1el=1/ ale kwatsJaicola 


: Field Facility south of Seattle. 


Few US Navy aircraft are based further 


7 from an ocean than the E-6Bs. Tinker 

3 Air Force Base outside of Oklahoma 

3 City is the home station of the entire 

7 mo) Mee) an anlelalinyaee)an) e)gciiaremeiaceltzse| (a 

: Communications Wing 1 (SCW-1) whose 
cco} nal parelareliarene)ince— 1m aareliaie-liareee)aalent-lare 
7 0) i Ia ere) o)aciiare man eke) elf 14(e) are] 
units: Fleet Air Reconnaissance Squadron 
| ERA@hey mi colalanam-laem Oma ms) are (e\ ie 

: VQ-7‘Roughnecks, the wing's Tinker- 

: based E-6B Fleet Replacement Squadron; 
7 a Weapons and Tactics Unit (WTU) anda 

3 Fleet Introduction Team (FIT). 
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2 for one of the US Navy's most advanced 

: training programmes which provides 

3 training to pilots, Naval Flight Officers, and 
: flight engineers for initial qualification, 

:_ refresher, instructor basic and upgrade, 

| Taki tae laal—iaime|cole| ale ma alole)mr-|alener-ri(endiie lat 
7 late lala te-lialiale} 


malcelmigelariid(e)amerelialiarene@elenle)icisce- mele] 


an (ON) a alo)a linn o)coyelr-lpalan=mear-im lave lUle(as 
: aerial refuelling qualification and extensive 
; simulator work. 


XeColid(eyareliNatalsuxe [i-(e]ce)al=] 1x0 


: elce\i(e(=¥- ere (anion te-lialiaremcelm@-|igele pars 

3 communications officers, mission systems 
7 operators, in-flight technicians, reel 

: fo) e121 ke) a-e-] ale parsliaicciarslaveomer-lialiare eye 

| the E-6B aircraft and all its subsystems. 


The WTU provide post-Fleet 


3 AX=) @)= (=) patzipl more [6r-le|celanic-lialiaremceniaralece(= 
: graduate-level topics in advanced tactics 

3 and weapon systems employment; 

3 Nuclear Command and Control (NC2) 

3 certification; leadership and management 
: for the development and evaluation of the 
: E-6B concept of operations, the readiness 
3 -laremtr-lialiaemaarcldihenilelalecyiclelecmiuian 

: respect to combat operations and weapon 
7 systems performance; and support to the 

3 TF 124 commander as directed. 


The FIT provides fleet input into the 


3 testing, evaluation, and differences 

: training for all E-6B modifications, and 

3 bridges the gap between successful 

2 developmental testing and actual fleet 

3 0) of=}r-)t(e)ak-w-] ale mant-lialt-liar-le)iiayae)asalom a (sam 
: One of its most essential roles is to provide 


successful, no-stand-down transitions for all 


modifications to the E-6B aircraft. 

The staging bases used for STRATCOM's 
TF 124 alert duties are Travis Air Force Base, 
California, and Naval Air Station Patuxent 
River, Maryland, where SCW-1 operates 


dedicated facilities. During peacetime, VQ-3 3 


is staged at Travis and VQ-4 at Patuxent 
River. Each squadron has a detachment 
deployed at its staging base. E-6Bs 
operated by both squadrons also deploy 
to STRATCOM's headquarters at Offutt 

Air Force Base, Nebraska, to undertake 
Airborne National Command Post (ABNCP) 
duty. On average, each E-6B deployment 


lasts about three weeks, and in recent years , 


E-6B aircrew have spent some 150 days a 
year away from Tinker. 

Tinker is also the home base for the US 
Air Force Boeing E-3 Airborne Warning and 
Control System fleet, developed using the 
same basic 707-320 airframe. One major 
difference is their respective powerplants 
- the E-6B is powered by General Electric 
CFM56-2A-2 turbofan engines rather than 
the Pratt & Whitney commercial engines. 
Basing the two forces together takes 
advantage of the 75% parts commonality 
between the two types for maintenance 
and sustainment; overhauls are carried out 
on-base. A new E-6B maintenance hangar 
at Tinker was opened in December 2016. 

E-6B aircrew are sailors, mainly drawn 
from other multi-engine communities. 
Back-end battle staff varies in size 
depending on the mission being flown and 
can number up to 22, usually including six 
US Air Force personnel. 

According to the 625th Strategic 
Operations Squadron (STOS), based at 
Offutt Air Force Base, six unique flights 


serve critical roles in the squadron’s mission: 


Airborne Launch Control System (ALCS) 
Operations Flight (DOO) provides combat 
forces for STRATCOM's ABNCP on board 
the Navy's E-6B Mercury aircraft. Flying as 
integral members of the battle staff, the 
ALCS crew, using on-board equipment, 
provide a survivable means to launch the 
nation’s ICBM force. 

ALCS Training and Evaluation Flight (DOT) 
provides simulator and classroom training 
to missile combat crew and provides initial 
mission qualification training and combat 
mission ready currency training and 
evaluations. 

ICBM Targeting Flight (DOM), working 
closely with STRATCOM and the Joint 
Functional Component Command- 
Global Strike, maintains current and 
accurate targeting for the nation’s ICBM 
fleet. Additionally, the flight produces 


Right: 

A deputy 
missile 

combat crew 
commander 
presses a 
control during 
pre-launch 
procedures 
aboard a E-6B 
Mercury during 
Glory Trip 220 
above the 
Pacific Ocean. 
Glory Trip is an 
operational test 
launch used to 
verify, validate, 
and improve 
the capability 
of the nation’s 
ICBM force. US 
Air Force/Airman 
Ist Class Keifer 
Bowes 





: the targeting for all ICBM test launches, 

3 supports Air Force Global Strike Command 

3 (AFGSC) software tests, and develops, 
documents, verifies and maintains 

: targeting software programs and operating 
: procedures required for daily ICBM alert 


operations. 

Tests and Analysis Flight (DOX) executes 
flight safety zones and optimum launch 
tracks for the ALCS on board E-6B aircraft. 
The team oversees flight performance 
analysis and capability assessments of 
US and foreign ballistic missile weapon 
systems. The team also serves as the 
airborne test conductor for all ICBM force 
development evaluation missions in which 
they lead, plan and coordinate ALCS test 
missions with STRATCOM, AFGSC, the US 
Navy and other national agencies. 

Systems Development Flight (DOS) 
develops documents and verifies and 
maintains the operational readiness for 
ICBM targeting software programs and 
operating procedures required for daily 
Minute Man Ill ICBM targeting operations. 
Additionally, the DOS supports the 
DOM and the DOX through software 
development, programs operations and 
network sustainment. 

Strategic Automated Command and 
Control System (SACCS) Flight (DOC) serves 
as the primary point of contact and user 
advocate for the SACCS network. The DOC 
is responsible for setting up and managing 
EAM dissemination systems in use at 
bomber, tanker, ICBM, reconnaissance, and 
headquarters bases around the world. 

In November 2016, the 625th STOS 
commander, Lieutenant Colonel Dean 
Konowicz, said the squadron provided 
training and combat forces for two crew 
positions on board the ABNCP: “Flying as 
integral members of the battle staff, the 
crew members provide a survivable means 
to launch the nation’s ICBM forces.” 

The US Navy and the US Air Force are 
jointly responsible for strategic deterrence 
and the E-6B is one of the few places 
where sailors and airmen carry out this 
mission together. 
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Origins 

The E-6B Mercury inherited its missions 
— and many of its on-board systems — 
from the earlier Boeing E-6A Hermes, 


two 1960s-vintage predecessor EC-130Q 
TACAMO (Take Charge and Move Out), and 
the fleet of EC-135 Looking Glass aircraft 
flown by the US Air Force. 

The E-6A Hermes first flew in February 
1987, the first production aircraft was 
accepted by the US Navy in August 
1989 and deliveries continued through 
1992. Unlike today’s multi-mission E-6B, 
the E-6A was built only for the TACAMO 
mission, communicating with submerged 
submarines armed with SLBMs. 

The first aircraft modified to E-6B standard 
in support of the ABNCP mission was 
re-delivered to the US Navy in Q4 CY1997 
following upgrade by Raytheon, the 
company awarded the contract to upgrade 
the entire E-6A fleet of 15 aircraft. The 
E-6B upgrade included a new workstation 
group, known as the’battle staff; the 
UHF C3FDM radio system, the Airborne 
Launch Control System (ALCS) for selective 
programming and launch of the ICBM 
and SLBM forces and a Digital Airborne 
Intercommunications and Switching Set 
(DAISS). With these modifications, the E-6B 
became a dual-role performer capable of 
carrying out both the TACAMO and the 
ABNCP mission, which it took over from 
the US Air Force. Raytheon re-delivered 
the first E-6B Mercury in 1997 and the type 
was declared operational in October 1998. 
All 15 had been re-delivered to the US 
Navy by 2003. 

The E-6B uses the Rockwell Collins 
very-low-frequency (VLF) high-power 
transmission system (rated at 200kW) that 
transmits through retractable 28,000ft or 
5,000ft trailing-wire antenna. Once these 
cable-like trailing antennas are deployed, 
induced drag slows the E-6B down to 
10kts above stall soeed. Banking between 
25° and 40°, the E-6B goes into a tight 
turn to stall the long trailing antenna, 
which hangs nearly vertical, below the 
aircraft. The antenna must be pointed 





E-OB MERCURY 


Below: A US ; at the ocean for the vertically polarised 
Navy E-6B : component of the VLF signal to penetrate 
Mercury i ~ er a 
aircrafttakes water to a submerged submarine’s trailing 
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Air Force Base, An E-6B with its antenna deployed 
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Plueger : direction, for hours at a time, which 


7 required the E-6B airframe to be reinforced 

3 against the sustained stresses imposed 

: by the mission. During the Cold War, the 

7 objective was for two TACAMOs to be on 

3 station, one over the Atlantic and one over 

3 the Pacific, although in practice only one 

: seems to have been kept airborne around 

7 the clock, except during exercises and times 
3 of increased international tension. Today, an 
3 E-6B stands ground alert. 

7 Other E-6B predecessors, the US Air 

Force EC-135Cs, EC-135Gs and EC-135Ls, 

3 were referred to as the Looking Glass, 

3 because their capabilities mirrored those 

| of the then Strategic Air Command's 
headquarters at Offutt. Looking Glass 

: aircraft flew ABNCP missions. Unlike the 

: original TACAMO aircraft, Looking Glass 

3 aircraft conducted command and control 

7 as well as communication tasks. During 

| the Cold War, a US Air Force Looking Glass 

, aircraft was always airborne, with the ability 7 
3 of initiating a retaliatory strike, even if a : 
| surprise attack wiped out the US command 
structure. Looking Glass aircraft were 

: equipped with the ALCS and Ultra-High 

7 Frequency radios to communicate with the 
3 ICBM force. Its mission crew, made up of 
ICBM launch officers, was led by a general 

: officer. Capable of aerial refuelling, in an 

: emergency Looking Glass aircraft could fly 

3 missions lasting up to 72 hours. 

3 The expensive operational requirements 

? to keep TACAMO and Looking Glass aircraft 
3 in the air around the clock were reduced 

3 and then finally ended in 1991 as the Cold 

3 War wound down. This led to the decision 

| to replace both types with one multi- 

: mission aircraft, the E-6 Mercury. As well as 
? serving as ABNCP, the current E-6B serves 

| as a backup and communications relay 

: forthe four Boeing E-4B National Airborne 





2 Command Center aircraft (based on 
3 Boeing 747-200 airframes), which entered 
: service in the 1980s. 


In addition to the E-6A Hermes’ TACAMO 


| mission equipment, the ALCS equipment 
7 was cross-decked out of the retiring EC- 

3 135s and installed on the E-6Bs, a US Air 

? Force-specific weapon system component 
on board a US Navy aircraft. Airframe 

3 modifications provided the E-6B with the 
| same 72-hour emergency endurance as 

| the Looking Glass. 


: Mercury Missions 

3 One US Navy pilot enjoyed the E-6B: 

3 “Flying the aircraft, actually flying, not 

7 droning around on autopilot, was fun and 
7 challenging. We do not land on a boat, 

: but the aircraft is flown using cables and 

| pulleys and aerodynamic balance bays. 

| What does that mean? Well, it means that 
7 you must stay ahead of the aircraft. It’s a 

3 beast to fly, especially in high crosswind 

: landing situations and while air refuelling. 
3 It’s a hell of a good time once you get the 
: hang of it’ 


Years of training and exercises have 


| demonstrated that, if ever required, the 


E-6B would be fully capable of carrying 


: outits missions. On November 12, 2012, 

, an E-6B successfully test launched an 

: unarmed LGM-30 Minuteman Ill ICBM 

3 from a silo at Vandenberg Air Force Base 

3 California. This was the most dramatic 

| event of many years of E-6B participation 
in testing and analysis in support of the 

3 ICBM force, including participation in 

3 simulated launches from operational silos 
: and actual launches from Vandenberg. 

: A programme called Giant Ball regularly 

7 tests both the airborne and terrestrial 

3 components of the ALCS. In November 

: 2016, AFGSC conducted, what is 

| awkwardly referred to as a Simulated 

: Electronic Launch-Minuteman, at Minot 

7 Air Force Base, North Dakota to test the 

; readiness of a Minuteman III ICBM by 

: performing a simulated launch from an 

: ABNCP-tasked E-6B alert aircraft. The E-6B's 


: mission crew also has a plans’and targeting 
3 role, an interface between STRATCOM 
3 and the silo launch crew, transmitting 
7 information required for re-targeting. 


Unlike its predecessors, the E-6B is not 


: limited to strategic deterrence missions. 
During Operation Iraqi Freedom (OIF), 

: from October 2006 single-ship E-6B 
detachments started 60-day deployments 
3 to provide communications relay support 
: to coalition forces. E-6B aircraft deployed 

; on OIF had nuclear-specific mission 

3 equipment removed and US Army radios 

: installed, including the Joint Airborne 

3 Communication Suite, previously mounted 
3 in a modified C-130 Hercules. 


By mid-2009, when US Central Command 


: turned the mission back over to lraq-based 
: modified C-130s, E-6Bs had flown over 

: 690 sorties and 8,000 combat hours of 

3 orbits over lraq, handling communications 
3 relay — a vast amount of tactical support 

3 traffic — and airborne command post 

3 missions, including coordinating medical 

3 evacuations. The E-6B’s role over lraq 

; was described by US Navy Lieutenant 

3 Amy Simek, a battle staff member as: 

3 “..a convoy relay. When convoys are 

: moving and the troops can't get hold of 

; someone to report something or even 

3 perform a radio check, they can contact 

, us. Because we're so high in the air, we 

3 have a greater line of sight and therefore 

: can communicate with all convoys and 

: reporting authorities’ 


Communications with B-2 Spirit bombers 


3 will also be part of the E-6B mission set, 
: allowing a secure two-way link once the 
3 aircraft receive a communications suite 
7 upgrade, which includes an ability to 

3 receive VLF transmissions through the 

7 Common VLF Receiver. 


The US Navy’s BGM-109 Tomahawk Land 


7 Attack Missiles (TLAMs) are targeted by the 
3 Naval Surface Warfare Center at Dahlgren, 

3 Virginia. lf a target is relocatable or moving 

3 — like the lranian-supplied Chinese-built 

3 missiles in Yemen that were hit by TLAMs 

3 launched from US Navy destroyers in 2016 

3 — the targeting data must be transmitted to 
3 the firing platform in near real time. If the 

; firing platform is a submerged submarine, 

3 an E-6B is the logical choice to transmit 

: a coded message to the submarine 

: instructing its crew to come to periscope 

: depth and extend an antenna that can 

3 receive the TLAM targeting. 


: On-Board Systems 

: The E-6B’s C3 capabilities are in part shown 
7 by its wingtip and vertical fin HF probe 

: antennas used by a Collins ARC-190 HF 


radio, plus fore and aft wingtip antenna 
fairings, and the tail cone housing VLF 
trailing wire antenna. All on-board systems 
are hardened against electro-magnetic 
pulse to allow communications to remain 
operational even in a nuclear conflict. 

Upgrades to the E-6B since its service 
introduction have not been limited to 
its C3 capabilities. General Instrument 
ALR-66(V)4 electronic support measures 
sets were fitted in each wingtip pod, 
and avionics have been upgraded with 
new instrumentation incorporating 
multifunction displays as used in the 
Boeing 737 NG airliner, which are Global 
Air Traffic Management (GATM) compliant, 
enabling E-6Bs to operate in controlled 
airspace. Because E-6B missions routinely 
take them into controlled airspace shared 
with civilian air traffic, their use of GATM- 
compliant transponders often makes it 
possible to track them through flight- 
tracking websites. 

This year will see completion of the E-6B 
service life extension programme (SLEP), 
which started in November 2009, carried 
out by the overhaul facility at Tinker Air 
Force Base. As the name implies, the intent 
of the E-6B SLEP, which provides rework of 
critical airframe infrastructure, is to extend 
the E-6B’s original 27,000-hour service life 
to 45,000 flight hours. 


Block 1 Upgrade 
The E-6B Block | upgrade programme 
started in 2004, achieved its initial 


operational capability declaration in 2014, 3 


and completed in 2017. 

Carried out by Rockwell Collins it 
included an open system architecture for 
mission avionics; a Voice Over Internet 
Protocol (VoIP) Intercommunications 
System; and an on-aircraft, multi-level 
secure network for message processing, 
communications control and monitoring, 
and other mission applications. The 


modifications also improved the reliability 


and availability of the UHF C3 system 
and enhanced the electrical power and 
cooling systems to the new equipment. 
The battle staff position was redesigned 
with a new MCS-10 computer at each 
station to enable all positions to be 
linked, and the core of the Block I's 
communication system upgrade. 

Block 1 modification also modernised 
the aircraft's communication 
infrastructure, most notably with the 
Internet Protocol Bandwidth Expansion 
(IPBE) upgrade which provides 
faster, more reliable internet access 
to information, both classified and 





: unclassified, onto, off, and throughout 

7 the aircraft to meet the ever-increasing 

7 demand for bandwidth for the battle staff 

3 on board the aircraft. 

: The most visible change of Block 
|-configured aircraft is the addition of a 
large dorsal radome on the upper forward 

: fuselage, containing a suite of improved 

7 Military Strategic Tactical and Relay 

3 (MILSTAR) satellite communication and 

: UHF C3FDM antenna. 

Among capabilities added under the 
Block | upgrade was the ability to act as a 

3 cellular telephone relay, essential in the 

3 event of a disaster in which terrestrial 

3 towers are knocked out. The last E-6B 

3 upgraded to Block | configuration was 

: delivered back to SCW-1 in October 2020. 


Block || Upgrade 


3 The ongoing Block II upgrade involves 

7 numerous contractors. L3Harris is 

: undertaking the modification work at its 
: facility in Waco, Texas. Another contract 

: for the Block Il upgrade was awarded 

: to Northrop Grumman in 2012 for its 

3 Multi-Role Tactical Common Data Link 

: system, with SATCOM capability, which 

3 increases the E-6B’s utility in multiple 

: missions. Communication capability was 
7 further enhanced with integration of the 
: Advanced Extremely High Frequency 


LISTENING FOR DOOMSDAY 


The E-6B is equipped with multiple secure communication 
SVA1C=) asym oleh me) al=me) Mi ecmanlesialan|ole)ar-lalmielareld(e)aryme)cey-(e(er-kiaiale 
an EAM, is done with an in-clear voice UHF transmission. During 
Giant Ball tests and exercises, enthusiasts monitoring operational 
frequencies can listen to an EAM, starting with two letters in 
Talxsiaar-lecevarlm e)are)ar-d(enqele(=-lavemre)i(e\aem o)’a- Rita late meym-le(elie(elare) 
(latclew-lalemalvlanteel ce 

The ICBM silos participating in the exercise will receive the EAM 
over their command-and-control system, which, like the missiles 
themselves, date from the 1960s. Missile crews will hear the voice 
message in their launch control centre from speakers over the 
eo) axe) (=F 

After manually transcribing the message, the crew opens the 
sealed orders — known as a cookie — from the pack of envelopes 
they have signed for that shift, each externally identified by two 
letters. The crew open the envelope with markings that match the 
first two letters of the EAM. The cookies always include at least one — 
the crew does not know which one - that, when opened, will direct 
idal=)aamce ke) 0l=1amial=me(0)0)0)(= (ele <clemt-](-@e)alr-lialialemiarcer-lelaeaneele (acy 
as well as specifying confirmation and authentication procedures. 

Ulawrays)(=1e Miual=meele)-4(-mNil|Mae)lale-llan=> sce kone)ge(sacmaat-|@n|| 
usually require the contents of the EAM acknowledged and 
authenticated, usually retransmitted over one of the launch 
ol aiuco)mecialdcscmsie0lcomee)aalaalelalceclelelamiial cms elom olsid(e(acw-] ay 
o)ni(e=] mu at-]mel-1de)(=c- lam AN me) mes]. corm colon e)alemioke-|@avaelelmual= 
cookie’s instructions. The US Air Force has zero tolerance for 
mistakes in the strategic weapons business. 

The low-technology approach to the EAM reflects not only the 
age of the system, but also a reluctance to rely on computer- 
irom @o)an| oleii=)me@e)anlanlelal(e-1u(e)atmlan-lam-le[-meym=nver-|(-ld/alemar-ledlae 
and other cyberwarfare threats. No one can hack a package of 
classified sealed envelopes. Back in 2017, then Air Force General 
Paul Selva, Vice Chairman of the Joint Chiefs of Staff, called the 
=] 0) 6) cey- (en coo] 6 iem c= l(a) |aem-|avel= alan sali (<M ime) cmcolel-\\mal= 
was uneasy whether this would be the case in ten years, unless 
aglele(=igalky-1u(e)amcit-|anecele)ap 
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: (AEHF) family of beyond-line-of-sight 

3 terminals and Presidential National 

3 Voice Conferencing. The AEHF capability 

3 provided another link with the B-2 

; bomber’s upgraded communication suite. 
3 Originally planned to achieve IOC in 2015, 
3 flight-testing of the upgrade — which 

7 includes three new radomes (two dorsal, 

. one ventral) for the communications links 

3 — was undertaken at Edwards Air Force 

3 Base, California and completed in February 
: 2017. To date, one Block IIl-configured 

3 aircraft has been re-delivered to SCW-1. 


_ Inthe Future 

3 The E-6Bs are projected to reach the end 

: of their 45,000-hour service life - extended 
: by the SLEP — between 2038 and 2040. 

3 However, the US Air Force is already 

| looking at a follow-on, the ALCS-R (for 

3 Replacement). A new land-based ICBM 

3 replacing the current LGM-30 Minuteman 
3 Il will use advanced C3 technology. The 

3 US Air Force issued an initial request for 

3 information to industry in 2015, seeking 

7 a suitable aircraft that could be fielded as 

3 early as 2024. 


The US Navy and STRATCOM are 


3 interested in potentially making ALCS-R a 
3 joint programme. On March 8, 2017, John 
3 Hyten told the House Armed Services 

| Committee: “Our airborne command and 
2 control across the board, including the 

: ABNCP and the TACAMO - which is the 

7 same [E-6B] aircraft right now — both have 
: recapitalisation initiatives in the future. 

3 So, I've asked the navy to start looking at 

3 that. | know the navy is going through an 
3 analysis right now to determine what the 
3 right way is.” 


Then Vice Chief of Naval Operations, 


3 Admiral Bill Moran, told the same hearing 
: about a potential E-6B replacement: 

3 “We are jointly working on a common 

3 airframe to satisfy the missions of both 

7 services. We currently have a plan in 

3 place to extend the service life of our E-6s 
: out to 2038, which would make them 

3 49 years old. That cannot be the final 

3 solution. We are looking at a way to get at 
3 a joint programme or at least a common 

3 airframe to satisfy both missions.’ 


One of the issues to be resolved is 


7 whether the large VLF system required 

, for the TACAMO mission could be 

3 carried by a smaller twin-engine aircraft: 
3 the likely preference of the US Air Force 

; for the ALCS mission. For the foreseeable 
, future, the E-6B will carry out its 

3 low-profile, but high-value missions, 

: assuring connectivity for STRATCOM 


and the NCA. == 
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sa) SUPER HORNET SLMP 


= 


F/A-18E Super Hornet BuNo 166598/AG1 12 takes the wire 

on the flight deck of the USS Dwight D Eisenhower (CVN 69). 

Dubbed a trap, catching the wire is one of the high-energy — 
flight operations endured by carrier borne aircraft. The aircraft 

shown is operated by Strike Fighter Squadron 143 (VFA-143) 
_‘Pukin’ Dogs’ based at Naval Air Stations Oceana, Virginia. 

US Navy/Mass-‘Communication Specialist Nathan Parde 


The navy’s Super Hornet fleet needs to 
last since a significant percentage of the 
strike fighter force will be made up of 
these aircraft beyond 2035. In the 2030 
timeframe, the US Navy's plan is to equip 
carrier air wings with four strike fighter 
squadrons, two equipped with F-35C 
Lightning Ils and two with Super Hornets. 

Naval Air Systems Command's PMA-265 
programme manager for the F/A-18 and 
EA-18G, Captain David Kindley said:“The 
taxpayer bought a 6,000-hour airframe 
in the legacy Hornet and Super Hornet. 
With the earlier plan of procurement for 
the F-35, these numbers appeared fine. 
However, our operational tempo remained 
high and the IOC [initial operation 
capability] for a few platforms slid to the 


= 
a 
— 


- 


: right. We were left with a challenge of 

3 keeping our flight decks filled while we 
: work to develop and field new aircraft. 
3 This is when we started to talk about 

3 [Super Hornet] life extension” 


To sustain the US Navy strike fighter 


3 force, the service is planning to buy 

3 340 F-35C Lightning Ils, procure 90 or 

3 more new F/A-18 Super Hornets in the 

7 improved Block III configuration and 

3 extend the life of and upgrade existing 

3 Block Il Super Hornets. New jets will be 

3 procured across the FYDP: 24 Block Ils in 
: the FY2018 budget, and 110 Block Ills in 
3 FY2019, for a total of 134 Super Hornets 
3 through to FY2023. 


On March 1, 2018, the US Navy awarded 


: Boeing a US$73.2m contract to initiate the 


: Service Life Modification Program (SLMP) 
3 for the Super Hornet. 


In August 2021, there were 33 Super 


7 Hornet-equipped strike fighter squadrons 
| (23 operating the single-seat F/A-18E 

; and ten with the two-seat F/A-18F), two 

: fleet replacement squadrons (training 
units) and three air test and evaluation 

3 squadrons in the US Navy fleet. 


: Block |, Block || 


3 The first 178 Super Hornets built were all 
| configured to Block I standard equipped 
with systems similar to late model F/A-18 
3 Hornets, including the Raytheon APG-73 
3 radar. These aircraft continue to serve with : 
front line US Marine Corps squadrons for 
7 many more years, others will continue to 
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: Right: An F/A-18E 
: Super Hornet 

: assigned to Strike 
: Fighter Squadron 
: 31 (VFA-31) 

: “Tomcatters’ 

: performs a bolter 
: onthe flight deck 
: of USS Gerald 

: RFord(CVN 

: 78). Dubbed 

: bolter, the term 
: meansa touch 

: and go, another 
: high-energy, 

: and routine 

: flight operation. 
: US Navy/Mass 

= Communication 

: Specialist Ryan 

: Carter 








be used for training and test. Under the 


current plan, most Block | aircraft will not 


have their service life extended. 


Over 300 Super Hornets built after 2005 


were delivered in Block II configuration 
equipped with: 


A Raytheon APG-79 active electronically 


scanned radar. 

An improved defensive 
countermeasures system featuring the 
Raytheon ALR-67(V)3 radar warning 
receiver and the BAE Systems ALQ- 
214(V)3 Integrated Defensive Electronic 
Countermeasures system comprising 
an ITT signals receiver, a BAE Systems 
onboard jamming techniques generator 
and the ALE-55 fibre-optic towed decoy. 

Upgraded mission computers. 


High-order language operational flight 


= program software. 


An aft cockpit featuring an 8 x 10-inch 


3 tactical display. 


New avionics. 

Enhanced power and cooling systems. 
A fibre-optic data bus. 

Solid-state data recorder. 

A distributed targeting system featuring 


7 an image processing module capable 

3 of comparing a synthetic aperture radar 

: map, with maps held in a database for 

3 precise targeting of GPS-guided weapons. 


The joint helmet-mounted 


: cueing system. 


AIM-9X Sidewinder and the AIM-120C-7 


: 3 AMRAANM air-to-air missiles. 


Block | and Block Il aircraft are upgraded 


: on an approximate two-year cycle by 

3 updating the operational flight program 

3 software and adding new systems and 

3 weapons in accordance with a so-called 

; road map managed by PMA-265. Current 
7 plans call for all surviving Block II aircraft 
to go through a service life extension 

: program (SLEP) and upgrade to the Block 
3 Il configuration. It should be noted that 

3 the SLEP is not the SLMP referred to above 
: which includes some subsystems used 

3 in the SLEP and features upgrades to 

3 configure the aircraft to Block Ill standard. 


Block III 


: Boeing's vice president for Hornet and 
3 Super Hornet programs Dan Gillian said: 

: “The US Navy looked at its carrier air 

: wings and capability gaps. The Super 

: Hornet Block Ill is the result of that 

: analysis. Future fighters [particularly the 

3 F-35C Lightning II] are networked and 

, survivable. The Block Ill [configuration] 

3 is how we make a Super Hornet 

3 networked and survivable to operate 

: inacom plementary way with the F-35, 








the EA-18G Growler and E-2D Advanced 
: Hawkeye as a front-line fighter well into 
: the 2040s.’ 


Originally the Block III configuration 


added five additional systems: conformal 
7 fuel tanks, an advanced cockpit, network 
connectivity, stealth characteristics, and a 
: life extension programme. 


In February 2018, the NAVAIR awarded 


Boeing a US$219.6m contract to develop 
: and integrate conformal fuel tanks on to 
the Super Hornet and EA-18G Growler, 
adding 3,200lb fuel capacity in low-drag 
tanks, extending the aircraft’s range by 
100-120 miles and increasing its mission 
: flexibility. However, following issues 
encountered with perfomance, cost and 
schedule, NAVAIR issued stop-work orders 
3 to Boeing for work related to conformal 

3 fuel tanks on January 6, 2021. 


The Block III will feature an advanced 


cockpit equipped with Elbit large 
: flat-panel displays featuring a next- 
generation user interface. 


To improve the Block IIl’s network 


connection capability, the aircraft will 
feature two pieces of hardware from the 
EA-18G Growler, described by Dan Gilbert 
: as: “the Distributed Target Processor 
Network [DTPN] and Tactical Targeting 

: Network Technology [TTNT]. DTPN is 

the big computer providing significant 

3 increase in computer power and adds 
multilevel security and open architecture. 
That is how new applications can be 
integrated to the platform faster than 
ever before to adapt to the future fight. 
The TINT is the big pipe [a high-capacity, 
high-bandwidth network] for Super 
Hornet designed to plug into the EA-18G 
Growler and E-2D. It adds an ability to 

: move a bandwidth of data back and forth 
3 between platforms, which is a key part of 
: the future fight.” 
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The TTNT is designed and manufactured 
by Rockwell Collins. 

Discussing the Block III's stealth 
credentials, Gilbert said: “We will adda 
bit of stealth technology to the aircraft 


really important upgrade is the integration 
of the [Lockheed Martin ASG-34] infrared 
search and track sensor that adds long- 
range counter air, counter stealth and 
targeting: a unique capability the Super 
Hornet brings to the carrier air wing.’ 

Lastly, Gilbert said the Block III's service 
life will include structural updates to 
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give a 10,000-hour airframe off the 
: production line. 


Service Life 
- Modification Program 


through coatings and treatments. Another : 


In 2008, the US Navy and a contractor 


3 team led by Boeing and Northrop 

: Grumman began the Service Life 

7 Assessment Program (SLAP) to evaluate 
7 high-time Super Hornets to determine 
the effects of wear and corrosion and 
to determine possible service life 
extension plans. 


An F/A-18E Super Hornet assigned to Strike Fighter 
Squadron 113 (VFA-113) ‘Stingers; launches from the 

flight deck of USS Theodore Roosevelt (CVN 71) in the 
Arabian Gulf. Saltwater, rainwater, and steam shroudthe _ 
jet, conditions that exist every day while based at sea, 
USMC VAVZANACehiom ola nlanlelalierclu(olams) e\a@-] Kim al(o).4@e)relar. ; 





: Above: The first 
: two F/A-18 

: Super Hornets in 
: Boeing's St Louis 
: modification 

: facility at the 

: start of their 

: service life 

: modification 

: programme. 

: Boeing 
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Captain Kindley said: “There are two 


: elements of the Super Hornet life 

3 extension from the original 6,000 to 

3 10,000 flight hours. First, we undertook the 

3 Service Life Assessment Program, where 

| we took a detailed look at the structure of 

: the airplane to answer the question: what 

7 pieces and parts need to be modified and/ 
3 or replaced to get to a longer life? 


“We actually assessed the Super Hornet 


[to the point] where we could get it to fly 
: to 12,000 flight hours. The direction we 
have from the Chief of Naval Operations 
7 is to go to the 9,000-flight hour level 

3 and tell us if you can go further within 

: the bounds of affordability [Boeing and 

3 NAVAIR eventually agreed to a 10,000- 

3 hour service life]. 


“The Super Hornet Service Life 


; Modification Program is way more than 
: just a SLEP. It starts with the airframe 

| changes and then we add in capability 
: updates. When you get a legacy Hornet 
7 from the depot today, after six to 24 

| months of overhaul work, the receiving 
: squadron has three months more work 
7 to do to add upgrades to configure the 
7 aircraft for combat. This is unacceptable. 
7 Chief of Naval Operations told us at the 
; PMA [NAVAIR's Program Manager Air], 

: when you deliver a Super Hornet from 

: the SLMP it will be a war fighter. When 





Boeing delivers a new Super Hornet 
Block IIl or an updated one from the 
SLMP line, within a day or two it should 
be able to go to war.’ 

The first two Super Hornet to arrive 
at Boeing's St Louis facility, F/A-18E 
BuNo166435 (c/n E80) and F/A-18F BuNo 
165672 (c/n F11), were learning aircraft 
used to familiarise the engineers and 
production operatives with the work 
involved in the SLMP. The first aircraft 
to enter the SLMP arrived at St Louis on 
April 5, 2018. 


Issues with Service 
Life Modification 

When the SLMP was implemented, fleet 
squadrons were using up between 300 
and 400 hours per Super Hornet aircraft 
per year, numbers varied from unit to 
unit. At the time, PMA-265 had forecast 
how many aircraft would reach their 
6,000-flight hour limit for the following 
years: three or four in FY2018; seven to 10 
in FY2019 and 18 or so in FY2020. These 
numbers formed the basis for induction 
into the SLMP. 

Speaking to the author at the time, 
Captain Kindley said that PMA-265 
decided to have Boeing perform the 
Super Hornet SLMP after considerable 
evaluation and for two main reasons. 


: Above: F/A-18F 
: Super Hornet 
: BuNo 165672 
: (c/n F11) inside 
: Boeing's facility 
: at St Louis 

: after being 

: de-spliced in 

: preparation 

: for service life 
: modification 

: work. Boeing 
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At the time, the Naval Air Depots were 


very busy, their respective workloads were 
: high and capacities low. Asking them to 

3 perform Super Hornet SLMP would have 

3 increased their workloads too high that 
they would not have been able to achieve 
: the schedule of work. Second, PMA-265 

: built options into the contract with Boeing 7 
: that once SLMP was in production, NAVAIR : 
3 and therefore the government owned all 
: data gathered and in the 2023 timeframe 
3 holds and option to offload some or all of 
3 the SLMP work to the depots. 


Captain Kindley liked Boeing's response 


4 3 to the options. Boeing's intent is to make 

: the SLMP contract the worst business 

7 case decision PMA-265 had ever made. 

3 Boeing's goal is to have the dollars to 

: perform the SLMP better than having 

7 the depot do the work. Commenting, 

3 Kindley said he was excited that PMA-265 
3 retains this option and asked Boeing to 

3 prove their ability to perform the contract 
3 to schedule. 


Kindley said:“The industry SLMP 


7 decision was made based on depot 

3 Capacity and a new set of engineering 

3 processes and decision-making to 

3 accomplish our goals. For example, with a 
: legacy Hornet at the North Island depot, 

3 we open a panel and find a part that is 

7 broken and appears to be a new first- 

: time problem. So, we make an order for 

: replacement parts and can do little during 
3 the lead time for the parts to be delivered. 
3 This was very common with the legacy 

7 Hornet SLEP. It is one of the major reasons 
3 we have been so stressed with the legacy 
: Hornet SLEP.“We also have engineering 

7 disposition challenges. Is the hole we see 

; here AOK or a downer? So, let’s go ask the 
: engineers, but they are so busy the answer 3 
: takes a long time to get’ : said:“We will extend the life of the Su per 
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Kindley pointed out that Boeing, which 
builds the Super Hornet, does not have 


3 the same legal and budgeting restrictions 
3 as the government depot. He said: “They 

; can buy parts and components the SLAP 

3 showed that need to be replaced in 

3 advance. Also, if US Navy engineers are 


willing to give Boeing broad engineering 
authorisations, which is hard to argue, 


: since they designed and build the aircraft 
3 in the same building, we can collapse 

3 most of the timelines and produce a final 
3 product faster.” 


Lessons from a SLEP 


: Captain Kindley remarked: "The legacy 

: Hornet SLEP is not ina state of production. 
: Nearly every Hornet is treated as a unique 

3 event. We are trying to learn lessons from 

3 airplane to airplane, but it has been an 

7 especially hard slog. There are a bunch 

7 of factors that also added to the Hornet 

| challenge: we went from 6,000 to 8,000 

3 hours and then tried for more. We have 

, tried to include all the lessons learned from 
3 the legacy Hornet SLEP into the Super 

; Hornet SLMP.A shallow multiphase ramp- 
; up is planned to focus on learning how to 

3 move quickly and establish the SLMP in 

| production. The run phase will be based 

3 on a fixed price, so Boeing will be turning 

3 out SLM aircraft in a production line way, 

3 and we still have the option for the depots 
3 to participate. This is different [from] the 

, legacy Hornet, and [I] feel that if we tried to 
3 repeat what we did with the legacy Hornet 
3 SLEP, then someone should lose their 


job, because there were so many lessons 


3 learned from that process-’ 


Modification Plans 


Discussing the plan, Boeing's Dan Gillian, 


MT) SUPER HORNET SLMP 





With the arresting hook lowered, this F/A-18E Super Hornet is seen moments from an arrested landing on the flight deck of the USS George Washington 
(CVN 73). The hook works in conjunction with the ship’s arresting gear which comprise the arresting cables; purchase cables, which connect the arresting 
wire to the arresting gear engines; sheaves which the purchase cables run through; and arresting engines that absorb the energies resulting from the 
aircraft's landing. Each arresting hook is made up of an arm, shank, and pivot, and are removed from the aircraft after 300 traps and sent for refurbishment. 
US Navy/Mass Communication Specialist Seaman Apprentice Matthew Riggs 





Hornet airframe, bring in the Block I : the parts required to correct emergent 3 life extension was complete. We learnt 3 Right: A sea of 
to Block Ill conversion and add in the : conditions as encountered in the Super 3 more as we got into the SLMP. Block III 3 a ie 
additional statement of work to make : Hornet SLAP. The first four Super Hornets | went through engineering, flight test 3 flight deck) from 
the airplane work better forthe Navy. _: entered the programme in April 2018: : and development during 2019, after ; the cockpit of 
We will use a production mind set and : two Block | and two Block Il aircraft. We 3 which we developed and secured the 7 eee 
programme to produce 30 to 50 aircraft : focused mostly on the life extension kits and parts for the Block III update from an arrested 
per year. This is an industry-led effort : and undertook some mod work. We : which were installed following the life: landing. US Navy 
with Boeing, Northrop Grumman, and , then worked on getting the engineering , extension update.” 3 
close collaboration with PMA-265, and 3 done to prepare shop floor instructions i __ 
the Defense Contract Management : so we could move forward with the 3 FIFSt Deliver! CS 
Agency. The government is contracting 3 production ramp up at both the St 3 Boeing delivered the first F/A-18 Super 
with industry to extend the life of Super 3 Louis and San Antonio sites ... in June | Hornet to undergo the Service Life 
Hornets from 6,000 to 10,000 hours, add 7 2019 the first Super Hornets arrived 3 Modification Program back to the US Navy | 
Block Ill systems and other mods. All of , at the San Antonio facility. The San 7 during October 2019. The second SLMP jet : 
this goes to a production shift because 3 Antonio site has a workforce that is very 7 followed at the end of the month, andthe: 
data analytics will play a major role to 3 experienced with modification work. . third in April: all three were modified at its 
make the work standard and repeatable. : Through to 2022, the SLMP is primarily 3 St Louis, Missouri facility. 
We know some parts of every plane will 3 focused on life extension, subsystem | According to Boeing, the initial Super 
be alittle different, but we will minimise : reset and maintenance to improve : Hornets delivered back to the US Navy 
the difference to maximise throughput. 3 the material condition of the aircraft. 7 under the first phase of SLMP extended 
This is a ground-breaking initiative.” 7 We delivered the first life extension 3 the service life from 6,000 to 7,500 

Boeing’s SLMP manager, Mark Sears, ? Super Hornets from the Boeing line in 7 flight hours: jets which undergo phase 
commented: “We prepared Building 3 late 2019. When the programme was 3 2 will be delivered with service lives 
101 for the SLMP, bought tooling and : launched, not all the engineering for the : extended to 10,000 hours and feature 
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new Block III capabilities: enhanced 
network capability, an advanced cockpit 
system, signature improvements, and an 
enhanced communication system. 

Commenting on the first delivery, 
Captain Stephen May, PMA-265 co-lead for 
Super Hornet said:“The SLMP is providing 
a critical resource for the US Navy to re- 
capitalise on long-serving aircraft to return 
them to the fleet in a near new condition. 
It will reduce burden on our maintainers, 
our supply system and our depot level 
assets within the enterprise.’ 

At the time of the delivery, 15 Super 
Hornets were undergoing the SLMP on 
Boeing's production lines at St. Louis, 
Missouri and San Antonio, Texas. Boeing 
said it took 18 months to complete the 
SLMP modifications on a Super Hornet 
which the company hoped to drive down 
12 months as production line operatives 
become more efficient at the process. 

During January 2021, the fourth Super 
Hornet to undergo the SLMP and the 
first completed at Boeing's San Antonio 
production line (F/A-18F BuNo 166621), 
was delivered back to the US Navy. As 
an indicator of the SLMP’s production 
ramp-up, by early January, Boeing had 25 
aircraft in SLMP production. Commenting 
on the ramp-up at the time, Boeing said 
the San Antonio line will handle a higher 
portion of jets inducted into the SLMP 
and confirmed that EA-18G Growler 
aircraft are likely to undergo the SLMP. 
Once the SLMP is running at full-rate 
production, 80% of aircraft will be sent to 
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; San Antonio with the other 20% of jets 
= going to St Louis. 


A Defense Contract 
Management Agency 
Persp 

3 Describing the SLMP, Captain Paul Filardi 
7 of the Defense Contract Management 

| Agency (DCMA) based with Boeing at 

7 its St Louis facility said:“The SLMP is one 
3 of the US Navy's top priority endeavours 


ctive 


: and is estimated to run for more than 15 
, years at a cost of approximately US$7.8bn. 
3 The SLMP operates under the philosophy, 
3 ‘one program, two sites; with SLMP 

: activities being accomplished in two 

3 phases at two locations — St. Louis and 

7 San Antonio’ The San Antonio facility is 

, on Kelly Field, part of Lackland Air Force 

3 Base, and named the Aircraft Integrated 

3 Maintenance Operations, Kelly. 


Explaining the phased approach, Jess 


3 Overby, the DCMA SLMP integrator also 
7 based with Boeing at its St Louis facility 

3 said: “The first phase is an 18-month 

: process of inspection, modification, 

3 repair and restoration that will extend the 
7 service life of the aircraft by 25% — from 
3 its current 6,000 flight hour limitation to 
3 7,500 flight hours. During this phase, the 
: Super Hornet aircraft will be extensively 
: disassembled, thoroughly inspected, 

3 and undergo modification and repairs 

3 exceeding 5,000 hours at a cost of over 

: US$10m per aircraft. 


“The second phase of the program 


: isa 12-month process of extensive 


3 modifications to the aircraft's launch 

: system structure and components, 

; arresting gear system and components, 
3 and certain structural areas of the 

7 aircraft. In addition, each aircraft will get 
: new paint. During this time the aircraft 

3 will also be ungraded with Block Ill 

3 Capabilities.’ 


After completion of the second phase, 


3 the aircraft life expectancy will be 

: extended again, taking the aircraft from 
: 7,500 to 10,000 flight hours, for a total 

| life extension of 67% from its original 

3 6,000 flight-hour limit and adding 

: approximately a decade more service. 

: According to Captain Filardi:“The main 
| challenge for the Super Hornet SLMP 

: is that the condition of each aircraft is 

| unknown. Having been operational for 
; up to 15 years or more, the F/A-18E/F 

: Super Hornet aircraft inducted for 

; SLMP all have over 5,500 flight hours, 

: thousands of take-offs, and landings, 

; including carrier launch and recovery, 

; and have been subjected to harsh 

2 atmospheric environments. Corrosion, 

: stress, and fatigue damage is found on 
3 every aircraft’ 


Recognising the skill and effort 


3 required Jess Overby said; “Identifying, 

i investigating, and analysing the damage, 
: then developing disposition instructions 
3 and repairing the damage takes expert 

7 knowledge and experience, both from 

: our industry counterparts and DCMA 

3 team members at Boeing's St Louis and 

: San Antonio facilities” <3 








Lon Nordeen provides an overview of the Block III F/A-18 Super Hornet, 
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Above: Super 
Hornets in the Block 
lll configuration 
have four major 

Wy elele-le(-mel(-) mal 
previous Block II 

iaV/ ol-S-omt | elel-1e-emr-lale| 
rLele(-temaer-lalalehmce 
ecteltla-Micwe-lel-ls 
signature, a set 

of new mission 
computers, new 
data links, anda 
single, customisable 
wide-area multi- 
function display in 
each cockpit. 


MERICA’S NAVAL 
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of strike fighters, 





particularly for its 
carriers. The US Navy’s solution is to 
deploy US Marine Corps F/A-18 Hornet 
Xo [Ur-lolcolakwlamve)an(=mer-] eas) m-limyialebs 
and buy more Super Hornets and 
F-35C aircraft. However, the US Marine 
Corps’ F/A-18 Hornets have been worn 
o]U ml o)'aee)alaialecelehmel-)e)(e)ealsalaw-lale 


: an inventory that fell short as depot 
: repair programmes failed to produce 
: planned results. 


During a House Armed Services 


2 Committee hearing on February 9, 

: 2017, the US Navy’s Director of Air 

3 Warfare, Rear Admiral DeWolfe Miller, 

3 commented: "The US Navy views the 

: F/A-18 Super Hornet and its fourth- 
gen capacity and the capabilities that 

: come with the exquisite F—35C as 

: complementary. In our view and per our 
: 30-year aviation plan, we end up with 
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: acarrier air wing mix. We grow to a mix 

3 that provides two squadrons of F—35Cs 

3 and two squadrons of Super Hornets. We 
7 (loam darol marl ealbemaar-lmq@e) pale) (cantsale-iay 

3 capacity of the Super Hornet and the 

: capability of the F—-35C, is going to 

: handle us well in the near term, and 

, CMU om a@elal dale (omceme ico) maarel mer) el-1e) 11181 

7 Talkemeal=m is] mmtaidaame le) iam oleluan-licer-lae 

2 just like every weapon system have to 

3 have a modernisation programme... 

3 F/A—18s are not unique in that regard, 
they also have a modernisation effort... 


-_ 
; ae tg Eh roms 


We have a shortfall in the US Navy on our 
el salmil(elalmelse cml amelel minal comulel ales 
force. Under what's called strike fighter 
inventory management... we have to 
address our near-term issues, as well as 
make sure our warfighting needs are met 
... We are working a balance. We need 

to address [the issues with] the bulk of 
our fleet right now. We have four F/A-18 
ve [Ur-le|ce)ahmiam-1(e]nime)melelmalial-me-lag(ie 

air wings. We have to get after aircraft 
availability. So what do we need to do? 
We have to properly fund and start 








: recovering the readiness of our existing 

3 F/A-18 fleet today. Procurement is 
3 Talelual=)a(=nV(=1 com 010] | en MNY0l0] (eae)ale-lale, : 
3 that we need, and our budget has asked 7 
for, additional F/A-18s to start applying : 
7 towards that readiness. As we ramp up, 

3 we are in a different positiontotheAir  : 
7 Force and the Marine Corps with respect 7 
Coho eMOlU ail ase trie lcelanelelssahe 
3 start training until next year [2018], 

3 elalemyy(=me(0)amme(-0)(e)aulald| AOPa ma at(elalt 

: now, our near-term focus is the F/A-18 

: readiness issue.” 
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BLOCK Ill SUPER HORNET 


All images Boeing 
Ulallesisualeiece: 


Department of Defense plans called 


: for the end of domestic funding for 

| the Super Hornet production line after 

3 FY2017. However, the plan changed 

: because brand-new F-35Cs are entering 
: service later and the US Navy's Super 

3 Hornet fleet has already flown more 

: than 45% of its 6,000-hour service life. 

3 PG eo) cel iaem com at=r-|m@avelanlic-lMiVlitsemaals 

3 USE WaYa ar eeelaslsaliaccre mcomrolee mela 

3 F/A-18 readiness issues to keep the 

3 naval aviation force viable. This includes 
sustaining the F/A-18 Hornet fleet 

3 for the US Marine Corps and US Navy 

? Reserves, buying more F/A-18 Super 

3 Hornets to equip US Navy strike fighter 
; xo [0l-(e] ce) abyur-lalemaelavelialeme)mualsms\-1aU(@= 

: Mirom\Cexe|inrer-iacolamacelelc-]aam es) alee) 

3 o(-Sifelalcre com iUladal-im—> ac—aremealcn Non 

: of most Super Hornets in the fleet and 

: U] exe] e-e(=mual-li mers] ey-le)iliavA 


VViatova eo) aksi(e(=)alalem-Mal-\W michaels 


: operations that’s more effective, the 


3 USE ava mee)anlealiaccremcomal-\alalemis: 

3 ‘aar-) (om e)t-lace)aaakme)ameal=mal=1aueld em bal= 
3 Block Ill upgrade is the way for Super 
3 mle) d aici om Con ey- | ad (el) ey-1 com lamaal=malcayy 

: Vee NAO) I@) 1-10-1810) akw-] elem ol(ee)pal-manle) (= 
: effective. 


The US Navy's 2016 vision statement 


3 spelled it out: “Naval Integrated 

3 Fire Control-Counter Air [NIFC-CA] 

3 increases the lethal range of the carrier 
3 Sldal come] gele] om obVmal-1anela dine medal anu i= 
| Tate (hvteler-)me)f-lare)qaakymnycr-] elelakw-l ale 

: sensors to work as one. This system- 

3 of-systems environment consists of 

3 three kill chains: from the air, from the 
3 sea and from the land. By 2025, from 

: ldatemell anvil parcel arom aalialiaalelaapmaelaciicime)i 
the F-35B and F-35C Lightning Il, the 

: F/A-18E and F/A-18F Super Hornet, 

| the E-2D Advanced Hawkeye, the 

| AGN Ks\GRGIco)W (1 emaal-manleliniielareldie)ate] 

: Talce)anarchacelamelciegioleld(olamy\cjc-190 

: and the AIM-120 AMRAAM missile. 


On January 6, 2021, NAVAIR issued STOP alee pep’ . 
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, NIFC-CA‘s efforts bring the following 

: 'oy=) al =v 1 eco (0) ale ba e-l ale [=milg=mae)alece)m-lale 

3 projection; the ability to operate in 

: ale mee) pleco) meroyal iss] "210M ey-14N (=) 0l-l@ cee] ale 
: high situational awareness.’ 


The US Navy’s five-year defence plan 


FY2018-2022 included more than 

| USS7bn earmarked for 80 additional 

: Super Hornets. The president’s budget 
: in FY2018 included 14 Super Hornets 

: and Congress added 10, 23 in FY2019, 
but increased to 24 in FY2020, 14 in 

3 FY2021 and 15 in FY2022. The FY2018 
| request also included US$265m for 

3 development of Super Hornet Block III 
: systems and funding for the SLMP. 


- super Hornet 

: Designed as an evolutionary upgrade of 

: the F/A-18 Hornet, the Super Hornet first 
7 flew in 1995. The US Navy planned to buy 
: 480 and later 565 to perform fighter, stri ke, 
and aerial refuelling roles. The aircraft 
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Above: Naval 
Air Systems 
Command's 
Air Test and 
Evaluation 
Squadron 
23 (VX-23) 
conducted 

a flight test 
programme with : 
conformal fuel 
tanks installed 
on an F/A-18F 
Super Hornet 
aircraft. Naval 
Air Systems 
Command 
issued stop- 
work orders 

to Boeing for 
work related 

to conformal 
fuel tanks on 
January 6, 2021. 
Naval Air Systems 
Command 
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: replaced the F-14 Tomcat, F/A-18 Hornet 
3 and S-3 Viking (as a tanker) for operations 
: onaircraft carriers. 


Compared to the classic F/A-18 Hornet, 


3 the Super Hornet is a larger aircraft with 

: more powerful engines, larger internal 

: and external fuel capacity, two more 

: weapons stations, improved avionics, and 
: features designed to reduce the radar 

: cross-section. 


From the start of its design process, 


7 the Super Hornet was developed to 

: incorporate new systems, sensors, and 

: weapons continuously, following a 

: planned update programme dubbed 

: its roadmap. The first 178 F/A-18E and 

: F/A-18F aircraft built in production Lots 
3 21 to 25 are known as Block | Super 

: Hornets (Lots 1 to 24 were F/A-18 

: Hornets). Block | aircraft are equipped 


: with the Raytheon APG-73 mechanically 
3 scanned array radar and a configuration 
: of systems similar to the final versions of 
: the classic F/A-18C and F/A-18D Hornet. 


In 2006, the first advanced Block II 


3 Super Hornets began to enter service 
; equipped with the Raytheon APG-79 
: active electronically scanned array 

: radar, ALQ-214 integrated defensive 

: electronic countermeasures suite, 

3 joint helmet-mounted cueing system, 
: Raytheon ASQ-228 ATFLIR multispectral 
3 targeting pod, Link 16 datalink, 

7 upgraded systems and new weapons. 
: Block II was a major upgrade of the 

: Super Hornet. 


2 


The Super Hornet roadmap updates 


3 the aircraft's high-order language or 

3 H-series system configuration software 

7 (SCS), and adds new weapons, systems, 

: and capabilities every two years. For 

3 example, the current H14 software 

: load introduced NIFC-CA architecture, 
automatic dependent surveillance- 

: broadcast transponder dubbed 

3 ADS-B, ultrahigh frequency satellite 

3 communication, AGM-158C Long Range 
: Anti-Ship Missile (LRASM), BLU-109 Laser 
3 Joint Direct Attack Munition hardened 

3 penetrator, and an upgrade of the 

| APG-79 active electronically scanned 

7 array radar to keep the Super Hornet 

7 combat ready. 


US Navy Super Hornets have flown in 


combat over Afghanistan, Iraq, and other 

3 combat theatres with glowing reports, 
including the 2017 shoot-down of a Syrian 
: Air Force Su-22. 


To date, Boeing has been awarded two 


7 export contracts for the Super Hornet: 

3 The Royal Australian Air Force operates 

7 24 Block II aircraft which have flown in 

3 combat operations against ISIS, and 

7 the Kuwait Air Force has an order for 22 

3 single-seat F/A-18E and six two-seat F/A- 
3 18F aircraft. 


Strike Fighter Options 
: In 2018, Naval Air Systems Command's 
: then PMA-265 F/A-18 and EA-18G 
: Program Manager, Captain David 
} Kindley told the author: “The US Navy 
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: has anumber in mind of how many 

3 strike fighters it needs in order to meet 

: mission tasking. The US Navy can adjust 
: four levers to meet its strike fighter 

: goal. One, buy the F-35C, the US Navy 

:_ is starting to procure more Lightning 

: Ils. Two, extend the service life of its 

3 existing Super Hornets. We are using our 
3 Super Hornets at a high rate, so we need 
: to extend the life of the aircraft in the 

: fleet even if we are successful in pulling 

: all of the other levers. Three, buy more 

: Super Hornets. This makes sense in the 

| short term, as we get a lot of capability 

: for a reduced cost. Super Hornet is a 

3 proven platform and provides very good 
: capability to the fleet. The problem 

: [with this option] is that by the 2030+ 

3 timeframe they will be at the end of 

: the service lives. That is why we need 

: the Super Hornet Block III upgrade, the 

: F-35C and to start a follow-on capability. 
: Four, use our Super Hornets less. The US 
: Navy is doing live virtual training and 

3 undertaking other efforts to reduce the 

utilisation rate on the jets. 


“Right now [2018], the US Navy is 


3 pulling on all four levers at the same 

: time and adjusting the dials in an 

: attempt to reach its goal. We have 

3 looked at many plans: the impact of new 
: procurement, upgrades and what the 

3 Super Hornet configuration should be 

: to complement the F-35 and achieve 

: interoperability to meet the projected 

: threats over the next two decades.” 





WT BLock Ill SUPER HORNET 


Block Ill 


Captain Kindley continued: “You should 
consider the Block IIl upgrade as five 
engineering change programmes: 
displays, conformal fuel tanks (CFTs), 
networking capability, low observable 
configuration and a 9,000-hour service life. 


“We go from the five-inch displays to 
18-inch touchscreens. This has several 
benefits. One area not often focused on is 
weight reduction. When the avionic guys 
take out the old five-inch displays they are 
nearly 3ft long [behind the console] and 
heavy. The new displays reduce weight 
by about 7Olb. Also, the glass in the old 
displays is obsolete and it’s a challenging 
getting replacements. So, we have the 
weight, obsolescence, logistics of the 
old five-inch displays, and we need the 
new technology displays to pass more 
information. What we are trying to achieve 
with the Block Ill is improve network 
connectivity with the EA-18 Growler, E-2D 
Advanced Hawkeye, F-35 Lightning Il, 
and ships. The future is data. We can send 
the data, but can the pilot and aircrew 
understand what they are looking at? 


“The conversation about the need for 


? conformal fuel tanks began when we 

: started talking about adding the ALQ- 

3 249 Next Generation Jammer [NGJ] to 

3 the EA-18G. The NGJ is big and draggy, 
3 so we started looking at ways to remove 
3 the big underwing external fuel tanks. 

; This is where CFTs started. We asked 

3 our team to evaluate a CFT-configured 

3 Super Hornet and what it would look 

7 like alongside the F-35. We got exciting 
: results from our analysis. An OPNAV 

? instruction issued by the chief of naval 

3 operations told us the CFTs are a bigger 
3 game-changer than the new displays, 

3 which surprised us. Their analysis 

3 showed that with CFTs and no external 
: fuel tanks or just one on the centreline, 
3 we still have a capable performing 

3 strike fighter, and it creates new options 
3 for what you can carry and how far 

3 you can go. 


Despite the initial eagerness for CFTs, on 


3 January 6, 2021, NAVAIR issued stop-work 
: orders to Boeing for work related to CFTs 

3 following issues encountered with flight 

3 perfomance, cost and schedule. 


: Above: 

: A futuristic 

: image of two 

: Block Ill F/A-18E 
: Super Hornets 
: shortly after 

: launch froma 

: US Navy super 
: Carrier seen in 

: the background. : 
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“Distributed Targeting Process Network 


3 [DTPN] is already a programme of record 
on the EA-18G Growler. This engineering 
: change proposal does two things. First, 

: you have a new waveform called Tactical 
3 Targeting Networking Technology 

: [TTNT], which is a follow-on to Link 16. To 


oversimplify, if Link 16 is dial-up internet, 


3 then TTNT is broadband. It brings a ton 

: of capability IP-based. This enables new 

7 capabilities that we will need in the future 
: with the Growler and Super Hornet. 

3 Second, DTPN brings another processor. 

7 This will allow very rapid, innovative, 

3 almost application writing capability to 

: the platform. The DTPN is fairly low risk, as 
| the taxpayers have already bought it for 

| the Growler. 


“This is the culmination of many 


: conversations within the US Navy, 

| which has finally turned the corner 

3 on its definition of what a weapons 

7 system is. Once it was the single fighter 
| going out and conducting its mission. 

/ Today, the weapons system is the strike 
7 group. In discussions about fourth and 
: fifth-generation strike fighters working 





Below: One 

of Boeing's 
promotional 
images featuring 


a Block Ill F/A-18F 
: | aircraft. That said, Block | aircraft still 

7 have value, and we plan to use them in 

3 our air wings for many years. They will be 


Super Hornet 
configured with a 
payload of air-to- 
air missiles. 


7 together, supported by EA-18G Growlers 
? and an E-2D Advanced Hawkeye, there is 
3 a lot more push for interoperability, more 
| than | have ever seen. Block Ill is a logical 

7 outgrowth of that trend. We will continue 
3 to operate in an ever-greater data-rich 

3 battle space, and it is incumbent on all 

: players, such as our fourth-generation 

3 Super Hornet, to take advantage of this 

3 new paradigm. Super Hornet Block Ill is 

3 the mandate for digital networking.’ 


Captain Kindley added that low 


3 observability features will be increased. 
| He said: “We will go back and repaint 

7 the Super Hornet, add treatments and 

, do other things to reduce our signature 
3 and make the aircraft better. New Block 
lll Super Hornets will have a 10,000-hour 
3 service life airframe. The SLMP will add 

3 Block III upgrades and extend the life 

3 of Block II Super Hornets from 6,000 to 

: 10,000 flight hours.” 


Existing Jets, New 


Jets 


: The author asked Captain Kindley 

: about the earlier Block | Super Hornets. 
3 He replied: “Since the Block | forward 

: fuselage is different to a Block Il, it does 
3 not seem feasible to retrofit the Block I 


radar and Block III systems into a Block 
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: flown for training, test, adversaries, and for 
: other uses. 


“We only plan to put Block II Super 


: Hornets through the SLMP. The US 

: Navy’s message to me is to make sure we 
3 continue to have many options to maintain 
3 our Strike fighter force.’ 


Boeing and its industry team have 


3 long funded research and flight testing 

7 of advanced Super Hornet systems. Dan 

: Gillian, Boeing vice president, F/A-18 

7 and EA-18G programmes, told the 

3 author: “The Block Ill story is different 

3 from that of the Advanced Super Hornet 

7 demonstration, which focused on stealth. 
7 The US Navy looked at the carrier air wing 
3 and its capability gaps - the Super Hornet 
3 Block Ill is the result of that analysis. 

3 Future fighters must be networked and 

' survivable. Block Ill is how we make 

: the Super Hornet a networked and 

: survivable strike fighter, one that works 

3 in a complementary way with the F-35, 

3 the EA-18G Growler and E-2D Advanced 

3 Hawkeye well into the 2040s’ 


Single-seat F/A-18E and two-seat F/A- 


3 18F Super Hornets equip 33 US Navy strike 
3 fighter squadrons, representing nearly 

3 all the tactical fighter force assigned to 

| the nine current carrier air wings. The 

3 US Navy's long-term plan is for Block Il, 

3 Block Ill and Growler to make up most of 
3 the carrier air wing force structure well 

: beyond2035. =< 
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ACK IN 2001, the US 
Department of Defense 
I tasked the Department of 
the Navy to undertake an 
analysis of alternatives for a 
new-generation electronic 
attack aircraft. 
The result of the study was the EA-18G 
Growler, a variant of the F/A-18F Super 


its second decade of US Navy service, the 


tactical electronic attack aircraft in the 
Department of Defense inventory. 
Captain Jason Denney, the F/A-18 
Hornet and EA-18G Growler program 
manager with Naval Air Systems 
Command's PMA-265 said the aircraft 
has a fantastic ability to disrupt signals, 
deny communications, jam radars, and 
provide crucial support and intelligence 
not just to a carrier strike group, but 
deployed combatant commanders. He 


: other aircraft, not just those in the carrier 
air wing but within the DoD, makes it a 
critical node operating with deployed 
Air Force, Army and Marine Corps 
expeditionary units; interoperability is 

a large key performance parameter for 
the Growler.’ 


: EA-18G Growler 


Hornet, built and configured as a stand-off : 
and escort jammer for the US Navy. Nowin : 


The EA-18G's primary antennas and 
sensors are housed in two ALQ-218 


wing-tip pods with additional antennas 
EA-18G continues to be the only dedicated : 


located on the forward and aft of the 


: aircraft appropriately separated so the 
: system correctly processes signals. 


Threats can be detected throughout 


the RF spectrum measured in small 
elements. The signal is handed over to 

a secondary receiver which measures 
very fine and parametric measurements 
of the frequency and amplitude. Geo- 
location of the threat is calculated by 
interferometry: measuring differences 

: in phase, the waveform angle relative to 
said: “The Growler’s ability to work with all 


the aircraft's position in time. 
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Growler system software is embedded 


7 into the standard Super Hornet release 

3 but features a third level displaying all 

7 electronic attack options. Recognition 

3 of the aircraft's electronic attack systems 

: and the ALQ-218 activates the third level. 
: Aircrew use HOTAS (hands on throttle and 
7 stick) controls to view, operate from and 

| switch between all three levels of display. 


One control capability of the advanced 


3 crew Station is interlinking of the forward 

7 (pilot) and aft cockpits (electronic warfare 
7 officer or EWO) that allow the two crew to 
7 operate the aircraft and its system with full 
3 co-ordination: the EWO uses four primary 
displays in the aft cockpit which are inter- 

3 linked to the front seat. 


- Tactical 

- Jamming Systems 

3 However, the EA-18G aircraft is only part 
: of the Growler weapons system. The 

3 electronic attack mission is conducted 

3 by the ALQ-99 tactical jamming system 
: which has been in US Navy operation since 





Above: EA-18G 
BuNo 165875/ 
$D120 loaded 
with two 
ALQ-249 Next 
Generation 
Jammer pods, 
one ALQ-99 
jammer pod, 
two CATM-88 
high-speed 
anti-radiation 
missiles, and 
two CATM-120 
missiles ona 
flying qualities 
test flight. US 
Navy/Steve Wolff 








Mark Ayton provides an overview of the EA-18G Growler electronigsaitdieK 
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: 1971.Continual upgrades have enabled the : 
: ALQ-99 to remain relevant against potential 
; threats from around the world. Different 

7 types of ALQ-99 pod are dedicated to 
notional wave bands and therefore target 
sets and what the attack solution should 

: be. Over the past 35 years, the ALQ-99 has 

; been upgraded in different ways: by either 

3 wave band, by radio frequency exciter or by 
3 universal exciter. Back in 2005 the ALQ-99 

3 system hit its technology ceiling. Certain 

3 new target sets can be accommodated 

3 with small tweaks to the system, those of 

2 a communication or asymmetric warfare 

; type, but for the latest surface-to-air missile 
7 systems, the ceiling was inhibitive. New 

3 architecture was required. An alternative of 
; alternatives for a Next Generation Jammer 

, (NGJ) was undertaken and completed in 

? April 2010. That November, a resources, 

3 requirements, and review (R3) board sat at 

3 the Pentagon, which provided validation 

to build the system for use by the EA-18G. 

7 During 2010, technology and maturity 

: contracts were awarded to Raytheon, 


Northrop Grumman, ITT with Boeing, and 


BAE Systems focussed on maturing the 
: technology required for the context of the 
: NGJ system. 


Providing sufficient power and cooling 


for an electronic attack capability ona 

: tactical size aircraft is a big challenge. 
There's a trade-off between power and 

3 range which is constrained by physics: the 

7 more power the more generation required, 
but the EA-18G does not generate a lot of 
excess power so power generation needs 

7 to be built into the pod. The ALQ-99 uses 
externally mounted RAM air turbines, a 
pitched propeller that generates a lot of 
power. That’s not an option for the NGJ-MB 
3 because the power required by its solid 
state and active array technologies is too 
great for an externally mounted RAM air 

3 turbine as used by the ALQ-99; instead, 

3 the pod uses an internal RAM air turbine 
generator dubbed the RATG. 


Arrays also present unique challenges. 


3 An active electronically scanned array 
: radar works best using a large flat plate, 
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: an arrangement that allows a good beam 

3 to be formed by focussing a lot of energy. 

7 Electronic attack is no different but for 

3 the requirement to have almost a 100% 

: duty cycle active array for full-on jamming, 
3 which requires efficient beam formers and 
: amplifiers. 


Use of gallium nitride circuits to enable 


| close to 100% duty cycle jamming required 
: this technology to be matured, such that 

3 development contracts were awarded 

3 to four companies in 2010. A follow-on 

3 contract for gallium nitride circuits was 

7 awarded to Raytheon in July 2013. 


Next Generation 


Jammer 


3 Under the Joint Electronics Type 

: Designation System, the first increment 

7 of the NGJ (the mid-band version) is 

: dubbed the ALQ-249: a high-powered, 

3 agile, electronic attack system capable 

3 of operating at stand-off ranges, and 

3 attacking multiple targets simultaneously 
: with advanced jamming techniques 
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designed for rapid upgrades with a the ALQ-249 must provide sufficient : In performance terms, each of the 
modular, open systems architecture. effective isotropic radiated power (EIRP) - 3 four elements had to be balanced and 
Equipped with agile, active electronically the measured radiated (output) power of 3 optimised against each other to produce 

scanned arrays and an all-digital backend, : anantennaina specific direction. : the required capability. 

the ALQ-249 conducts precise jamming In addition to the technical complexity 3 Once integrated on an EA-18G, the 

assignments against advanced and and the necessary size and all-up weight 3 ALQ-249 will be capable of contributing to 

emerging threats operating throughouta —_—: ‘restrictions of anew-generation electronic: the full range of warfare from air strikes in 

wide range of radio frequency bands. attack pod, the NGJ design team was 3 anti-access/area denial environments to 

Confronted with integrated air defence : faced with other constraints. Its parent : the type of irregular warfare encountered 

system radars, communications, and data aircraft, the EA-18G Growler, is a carrier 3 in Afghanistan. 

links, the ALQ-249's ability to engage threat capable tactical aircraft which endures 3 The ALQ-249 pod is approximately 14ft 

systems and conduct robust jamming at : the rigour of flight deck catapultlaunches =: long witha fuselage diameter close to 30 

standoff distances is vital. Consequently, and arrested landings: a very demanding 3 inches. The MGJ-MB system includes a 

, — ) environment. Its operation involves 3 shipset of two pods per aircraft. 

GROWLER CAPABILITY MODIFICATION : emission of electromagnetic and directed : Oneoutcome of the November 2010 R3 
On March 19, 2021, PMA-265 commenced the five-year Growler : energy to degrade, neutralize or destroyan : board was to return the NGJ programme 
Capability Modification (GCM) programme at Naval Air Station enemy's combat capability, which requires 3 into incremental capabilities. Primarily 
Whidbey Island, Washington: the first major upgrade of the EA- : careful control and managementto ensure : to avoid delaying delivery of critical 
iRs{@@) co) ViVi(=) acu er-] oye] e)|/iu=cm ale M alias lice c-lamanelelincer-it(e)anlialer-lmaal= a | | _— oo | 
sprawling base. : both the aircrew and the aircraft are not : capability to the fleet: delivering a pod 

The March 19 inductee was rolled-out after GCM during the : adversely affected. : with full spectrum capability would have 
final week of July which subsequently entered its flight test = So, what are the defining design drivers  : been complex and time consuming. 
o)cole|e-lanlan(=mr- mae e)a (eRe GV maelalirelelcaem-l|cer-lamie)iei =e kelelaiaren-lt Dect 3%, _ | | , 
the end of August. for the NGJ pod? According to PMA-234, | Increment 1 is the mid-band (NGJ- 

Captain Steve May, PMA-265’s deputy programme manager : NAVAIR's Airborne Electronic Attack : MB), which covers the most critical 
for EA-18G Growler said GCM is a mid-tier enhancement to : Systems Program Office there are four: : threat waveforms across a full spectrum 
dalem e)f-lace)saamear-|me@e)anle)/a(=ce-m alelanlel=me)mian|e)ce)'/- pal nlence : ~ ; — ae 
the airframe, replacement of some outdated boxes, wiring : _ ~ Power requirement, driven by : Of agile and adaptive communications, 
enhancements to the new NGJ-MB pylon, and multiple : operational scenarios. : datalinks, and non-traditional radio 
engineering change proposals (modifications) of several EA-18G - Power generation capability, which frequency targets. 
aircraft sub-systems. | ie ee : 

GCM includes enhancements to the airborne electronic attack defines the cooling requirement. : Increment 1 will be used to deny, 
system and the ALQ-218 receiver system designed to enable : _ -Processing power, which must enable : degrade, or deceive use of the 
operation in complex electromagnetic environments, and : all the pod’s combat functions, many of : electromagnetic spectrum employin 
Talcsve]r-14(e)akeym-la-le\'/-lalezvekel-lt-lllal@-lalemta(-WaRO@nee- oA ONE NICBE UIs : pe y - J P P y g 
pod itself : which are automated. : both reactive and pre-emptive jamming 

pXacare) co |[ate con @-] 0) ella ltc\ maatclaAe)meateeialarclaleceasaleme(scielaicre - Airworthiness, which includes 3 techniques and is currently in the 
for the aircraft and the cockpits that will support integration of integration constraints, structural limits, 3 developmental test phase, including 


the NGJ-MB and its expanded functionality are facilitated by the ; _ : % 
current H16 and subsequent H18 OFPs. : and system software integration. : chamber and flight test elements. 





ys 


, . 
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- Increment 2 is the low-band (NGJ- 
LB), which includes important threat 


waveforms in the low-frequency spectrum. 


- Increment 3 is the high-band (NGJ-HB) 
which will cover the remainder of the 
important threat waveforms in the high- 
frquency spectrum. 


stores’ Integration 


In the summer of 2019 Raytheon delivered 


Model (EDM) pod to Patuxent River 
to begin initial stores integration in 
preparation for chamber and flight testing. 

Different types of tests require different 
configurations of pods such as mission 
systems and aeromechanical versions; the 
latter used for flight dynamics, store loads, 
flying qualities, performance, separation 
and jettison testing. Pods used for mission 
system testing are in full-up configuration 
with all the sub-systems installed. 
Unsurprisingly mission system pods are 
more expensive and are used to evaluate 
radiation capabilities in flight. 

Prior to first flight, the NGJ-MB pod 
underwent all the standard tests required 


for stores integration, including verification: 


of ground procedures, mass properties, 


aircraft installation, and built-in test checks. : 


Once flights began in August 2020, 
NGJ-MB pods underwent in flight 
electromagnetic environmental effects 
(E3) testing to support the flight clearance, 


: Below: 

: EA-18G BuNo 

: 165875/SD120 
: ona Next 

: Generation 

: Jammer pod 

: flying qualities 
: test flight 

: from Naval 

: Air Station 

: Patuxent River 
: on October 21, 
: 2020. US Navy/ 
: Steve Wolff 

the first NGJ-MB Engineering Development : 


3 before continuing with a basic check of 

: system functionality and assessing the low 
3 speed flying qualities and performance 
characteristics of the pod and aircraft. 

3 Further flight testing to expand the 

7 pod carriage, operating and jettison 

7 envelopes, and to verify the pod’s capability : 
3 enhancements with each new Operational 
3 Flight Programme (OFP) will follow and will: 
3 mark the completion of the developmental 
3 test phase. : 


Operational Flight 


Programs 


3 Not surprisingly, the NGJ-MB pod 

runs on its own OFP software, which 

: is independent, but entirely aligned 

3 with the Growler aircraft's own OFP. The 

7 Growler runs on high order language OFPs 
3 designated by the letter H. The NGJ-MB will 
: beintegrated and enter fleet service with 
3 EA-18G Growler aircraft using H16 software. : 
the roughly biennial introduction of new 

: operational flight program software drops. 
: PMA-265 is currently underway with the 

: developmental test of the subsequent H16 
software which provides: 


So critical is alignment of the two OFPs 


3 that PMA-234 has an NGJ integration team 
: that works daily with the PMA-265 Growler 
7 programme office team to maintain the 

: two in sync to ensure H16 and NGJ-MB are 
: fully integrated and functional. 


Explaining the process, PMA-234 said: 


3 “We use the interface control documents 
7 issued to us by PMA-265, for hardware 

: and software, and fully understand what 
: the constraints are with H16. If we need 

3 to update the pod's software, to the 
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; maximum extent possible we design it 

; such that we can update the pod without 
having to touch the H16 OFP. Ifa situation 

3 arose in which we wanted to add capability 
: to the pod that would not run on the 

3 existing aircraft OFP, we would likely wait a 


short period to incorporate that capability 


: with the next aircraft OFP version” 


Given that electronic warfare is a 
constantly evolving tit-for-tat capability, 


: an electronic attack pod needs to keep a 

: pace with emerging threats. This requires 
NAVAIR’s electronic warfare labs to retain 

: the ability to quickly update the aircraft 

: and pod parametric databases to account 
3 for emerging and more advanced threats, 
: independent of the pod’s OFP. 


_ Growler's Continuous 
_ Improvement 


: As part of the Growler’s road map, the 


aircraft is continually improved, primarily by 


- Software and hardware upgrades to the 


: ALQ-218 digital receiver. 


- An open architecture, multi-level secure 


: processor known as the Distributed Tactical 
: Processor-Network (DTP-N) reckoned to be 
17-times more powerful than the original 

: Growler system. 
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- The Tactical Targeting Networking 
Technology (TTNT), a high throughput, 
low latency datalink with satellite 
communications for advanced network 
connectivity. 

Equipped with DTP-N and TTNT, a pair 
of Growlers will reportedly be able to 
fuse data acquired by on board and off 
board sensors to generate a common 
tactical picture of the battlespace and 
rapidly exchange that information with 
other assets. What does that achieve? 
lt enhances targeting capabilities 
and improves air-to-air timelines and 
performance. This capability is scheduled 
to be implemented with several H-series 
software builds. 

Back in August 2017, the Navy staged 
a series of fleet experiments called 
Netted Sensors 2017 conducted by the 
Navy Warfare Development Command 
involving, amongst others, F/A-18 Super 
Hornet and EA-18G Growler aircraft. 


networking over the TTNT data link to 
enable distribution of information from 
around the maritime battlespace to all 
participating assets, aircraft, ships, and 
shore stations. 

EA-18Gs were focused on working 
a common tactical picture, multi-ship 
electronic surveillance, Growler manned- 
unmanned teaming, and network- 
centric collaborative targeting (NCCT) 
technologies. It means using joint data 
standards and interfaces to speed up 
sensor cueing and targeting through 
to launching strikes in multi-sensor 
geolocation events. 

One other initiative already in effect is 
migration from multi-sensor integration 
to multi-system integration. This allows 
for insertion of new technologies and 
requirements to keep pace with the fleet’s 
demands; this is continuing with OFP H16. 


Chamber Testing 
Preliminary NGJ-MB chamber testing 
began in November 2019 and continued 
until summer 2020, taking place mostly 
at NAVAIR’s Air Combat Environment Test 
and Evaluation Facility (ACETEF) at Pax 
River and its High-power Electronic Attack 
Technique Radiation (HEATR) chamber at 
Point Mugu. 

The aircraft and pods undertook 
hundreds of hours of testing with pods 
radiating to check basic pod functionality 
and to capture electromagnetic 
interference data. The latter being the 
measurement of radiation data which is 


used to ensure the pod does not adversely 


: affect aircraft systems or expose the 

3 aircrew, aircraft and ordnance to unsafe 

3 radiated power levels. Data captured in 

3 the chamber was also used to gain an 

7 interim flight clearance authorization to 

3 operate a Growler aircraft fitted with a set 
3 of NGJ pods. 


In addition to the significant effort 


: required to integrate the NGJ-MB pods for 
3 safe and effective operation in the chamber 3 
, facilities, other tests to characterise pod : 
3 functionality and performance were also 

3 completed. Functionality demonstrated 

3 included making jammer assignments with 
3 full, half, and quarter arrays; timing and 

3 beam commutation between assignments; 
7 and radiation from two full arrays. NAVAIR 

; began executing trial developmental runs 

3 to demonstrate these capabilities in the 

: ACETEF and HEATR chambers, in June 2020. 
3 Developmental design of experiment runs 
7 for score were then conducted between 

, October 2020 and May 2021 to support a 
The focus of the experiments was sensor , 


June 2021 Milestone C decision. 


- Flight Testing 

3 Pax River-based VX-23 is using two types of 
3 NGJ-MB pods for the flight test programme: : 
: instrumented aeromechanical pods or 3 
3 AMPs and mission system pods, capable of 
3 radiating. 


The squadron loaded and flew an 


| aeromechanical pod on an EA-18G for the 
: first time in October 2020. 


VX-23 started the low speed flying 


3 qualities portion of the air vehicle test 

: programme between October and 

2 December 2020 in the powered approach 
7 configuration, flying with the landing gear 
| and flaps down, first evaluating take-off 

7 and landing. 


Ly 


: aircraft, VX-23 
: also has fleet 


: isseenduringa 
: photo mission 


a @ Advanced crew stations. 


@ ALQ-99 tactical jamming system housed in pods with modified 
hardbacks and radomes to help g-loads. A profiled radome 
alelUky=iom (0)\)Van OF-] ale mel altclalarcmzallicme mci" e-l(e] alm e-(ele)anlom alelUkyocw al (olan 
loy-]alem-lalecialarccy 

@ ALQ-218 digital receiver system. 

@ ALQ-227 communications countermeasures system and 

i (leldce)al(er-1ac-(e.@0 lalla) U(elallece 

@ APG-79 active electronically scanned array radar, a system 

that has fallen short in terms of its reliability but has received 
substantial resources to improve. 

@ INCANS interference cancellation system to enable UHF 
co)anlanleialrersid(e)amcomel-maat-(e(smelUlaialemt-laalealiacen 

 Bloyiaim (=i iaaraiceiucelelaleaem@el- i aleme) n10-1 008 

BW [Ulivesaalssielawevensc) alesvem f-\qiu(ers] m=) danllatelMCdAV Ml icteles) ilies 
communications receiver on the aft top. 





> Below: In 


: addition to its 7 Between May and August 2021, 
: instrumented —_=_:- VX-23 started the envelope expansion 
: Growler test 


: programme to support the revision of 
: current flight clearance restrictions for the 


: representative safe carriage and operation of the pods. 
: EA-18Gsinits == This flight testing involves the incremental 
: fleet. One such fi ——- 4 
 aircraft,BuNo —_: ©XPansiono items such as the airspeed, 
: 168377/SD523 = load factor or g, and angle-of-attack of the 


: aircraft to ensure that safe operating limits 
: are prescribed for aircrew. The intent of 


: overthe Statue : 
: of Liberty, New : the envelope expansion programme is to 
: York. US Navy : provide the fleet with a safe and effective 


: operating envelope for the Growler when 

: carrying two NGJ-MB pods. More broadly, 

3 the test programme seeks to verify the pod 
3 produces the power, jamming techniques, 

: and beams it is supposed to, and functions 
3 in the entire frequency spectrum it is 

3 designed to operate in. 

3 At the time of writing, the envelope 

| expansion programme was temporarily 

3 paused, waiting engineering disposition for 
: items discovered during flight test. 

: Before the end of the year, VX-23 expects 

: to start the jettison portion of the flight test 
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programme using a mass model test article, 3 
7 April 2021, primarily focusing on system 
3 functionality and software certification 
elements. To expedite the programme, 
3 PMA-234, VX-23 and VX-31 are concurrently } 
3 undertaking air vehicle and mission 3 


an aeromechanical pod designed to enable 
photometric and inertial measurement of 
the pod’s behaviour during separation from 
the aircraft. 

One of the biggest test events yet to 
come, one which has considerable bearing 
on the programme, is that of doors-open 
performance flight testing. 

The NGJ-MB pod has articulating doors at 
its mid-fuselage position which are opened 
during flight to provide air flow to the 
power generation systems within. 

The NGJ-MB pod essentially changes 
shape when its doors open and close. 
Consequently, the flight-test programme 
will include an in-depth portion to 
investigate the effects of the door opening 
and closing sequences, to ensure the 
loads, flying qualities and performance 
characteristics of the aircraft and the 
pod are acceptable throughout the 
flight envelope. 

The NGJ-MB flight test programme is the 
first time an F/A-18 series aircraft has ever 
carried a pod that changes its shape during 
flight. This one aspect raises a million- 
dollar question for the US Navy, how will 
the aircraft fly with a large, heavy, shape 
changing pod on each wing? 

The aircraft flying qualities and 
performance (FQ&P) testing sequence 
starts with doors-closed to characterise 
the powered approach configuration, 
then doors-closed in the up and away 
configuration, followed by doors-open in 
both powered approach and up and away 
configurations. To date all FO&P flights 
have been limited to doors-closed testing. 
Doors-open FQ8P testing will commence 
once envelope expansion clears a higher 
operating airspeed for the pods. 

The Growler has inherent flight envelope 
limits which the aircraft will be flown up 
to in all the flight test disciplines such as 
performance, handling qualities, flight 
dynamics, and store loads. 

When VX-23 flew an NGJ-MB pod ona 
Growler for the first time in August 2020, 
the pod involved was a mission systems 
version. It proved to be a build-up flight, 
followed by a second successful mission 
in September 2020 which involved the 
first radiation with the pod and the aircraft 
successfully communicating. 

The air vehicle test programme then got 
underway, an unusual order of events, 
since the air vehicle portion would typically 
build-up a flight envelope ahead of mission 
systems testing. 

China Lake-based VX-31 has also 
commenced testing with the NGJ-MB pod, 


starting their mission systems flights in 


7 systems testing. Consequently, each time 
7 the envelope is increased, the mission 

3 systems pods can be cleared out to higher 
3 airspeeds and flight loads, which reduces 
: the overall flight test timeline. 


; Milestones 

3 April 2016 was an important month for the 
: NGJ-MB programme; it received Milestone 
3 B approval to enter EMD, and Raytheon was 3 
: awarded a 56-month contract valued at $1_ 
: billion for execution of the EMD phase. In 

7 accordance with the contract, Raytheon will : 
3 deliver 15 engineering development model 3 
3 pods to be used for mission systems testing ? 
3 and qualification, and 14 aeromechanical 3 
3 pods for airworthiness certification. 


The NGJ-MB programme completed its 


3 critical design review on April 27, 2017, 

3 which identified deficiencies that deemed 
: a redesign of the pod structure, which 

7 caused schedule and cost breaches to 

3 the programme. Despite the structure 

: redesign, development, manufacturing, 

: integration and testing of the antenna 

| arrays, power generation system, software, 
3 common electronics unit continued, in 

3 accordance with the EA-18G high order 

7 language operational flight program H16 

3 software integration schedule. 


On August 31, 2020, NAVAIR concluded 


3 two demonstration of existing 

3 technologies (DET) contracts, one 

3 with Northrup Grumman Corporation 

3 and one with L3Harris, for the NGJ-LB 

3 programme. The DET phase consisted of —: 
: an assessment of technical maturity of the 3 
3 required technology to field the NGJ-LB : 
; capabilities. The NGJ-LB programme 
received its Milestone B decision and 

| was Cleared to enter the engineering 

3 and manufacturing development phase 
3 December 8, 2021. 


The NGJ-HB programme is still very 


| early in the acquisition and no proposed 
: designs have been selected for review. 


The US Navy was originally scheduled 


7 to decide if the NGJ-MB programme 

: was ready to proceed past Milestone 

7 Cin September 2020. The Milestone C 

3 date was eventually moved to the spring 
: of 2021, with delays due to COVID-19, 

3 late pod deliveries, complexity of test 

3 equipment integration, and initial 

7 manufacturing and quality issues 

: discovered with the flight test deliveries. 


Milestone C approval was received from 


7 Frederick Stefany, acting Assistant Secretary 
: of the Navy for Research, Development 
: and Acquisition on June 28, 2021. As with 


all weapon programmes, the Milestone 


: Cdecision gave NAVAIR the green light 
: to enter the production and deployment 
: phase and start low-rate initial production. 


At the time of the Milestone C decision, 


: NGJ-MB pods had completed more than 
7 145 hours of flight testing, including 

: both air vehicle testing to investigate the 
7 pod's operating and carriage envelope, 

| and mission systems testing of the pod’s 
: functionality. 


Additionally, NGJ-MB pods have 


: clocked-up over 3,100 hours of ground 
: testing at China Lake (Advanced Weapons 


Laboratory), Point Mugu (HEATR chamber 

and AEA System Integration Laboratory) 

and Pax River (ACETEF chamber). 
Achieving the programme's objectives is 


3 undertaken by multiple sites around the 

, United States, not least the test teams at VX- 
3 23 (Pax River) and VX-31 (China Lake) who 

7 write the test plans, build the test cards, and 
| put in place all of the things required for 

: each test mission flown. 


Summing up the road-map ahead for 


: the EA-18G Growler, Captain May said 

| that PMA-265's focus is to deliver Growler 

7 Capability Modification aircraft to the fleet 

3 ahead of delivery of NGJ-MB pods. Similarly, 
3 Captain Matt Densing said there are many 

3 months of NGJ-MB developmental testing 
remaining, which will lead into initial 

3 operational test and evaluation, with initial 

3 operational capability declaration currently 
7 planned for September of 2023. == 


PROG GEC NO) an 


@Jarelo)iavemivels @iue(-ilaliare maton) (ere a | meice)uy(cmcmer-] ey-le)1 (15% 
(o (==) (0) 0) anleialm ©)ceele-lenlaalemm lace le le(sem-lcom-lan-lelZ-|alecenec\acir-liele 
featuring a large area display and low-profile head-up display 
which will initially deploy on the Block Ill Super Hornet and then 
migrate to the Block II Growler, with installations potentially 
el=te]lalaliavem iam ah 40 P4o¥m Gl ce) (= ew] fom ale)m=re[0]] 0) elace Rm 1dak- Mer] alalelay 
but the internal space is not left empty, it’s fitted out with an 
airborne electronic attack palette - this will be replaced on the 
Block Il configuration to overcome obsolescence. 

Given the relatively small fleet of aircraft, their ongoing 
Ul di iky-1ulolame-lkscwr-lalem-amele) cre) mi-]av/(@cmel-|(om@elaccalinvae)ixa alae 
for the mid-2040s, PMA-265 is already conducting a service 
life assessment programme to assess utilisation and when a 
service life extension programme will need to start. A PMA- 
265 spokesperson explained that because of the Growler’s 
Ul aii tstol ule) apr Mcvol avd (am [irom aaah (e)am e)celelr-lanlan(omUlimalelmcie-lamelalal 
after conversion to the Block Il is complete and forecast 2025 as 
dal oMY (cro) mi cO)m aloes) (ele am) co)tYi(=1acM laliite] me) 0l=1¢-10(e)at-]mer-] ey-16)/118y 
(o(Teireleclace) an 

When asked whether the PMA-265 team will be able to keep 
the Growler aircraft ahead of fast developing emerging threats, 
the spokesperson said: “Our motto is to support, to sustain, and 
advance the fleet to ensure the aircraft is able to ight and win 
against potential adversaries, that is why we make incremental 
Tan) e)ce)V=saa\=)al cmd oms] cm e(=\1/=1(0) ©) [ale meal=m>) (ele @|MGlce) (men (qaiale 
the capabilities of our potential adversaries.’ 
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TH-73A THRASHER 


HEN NAVAL AIR 
Systems Command 
issued a request 

for proposals for 

the Advanced 
Helicopter Training 
System (AHTS) on January 28, 2019, 

it represented the start of a much- 
required procurement programme: a 
replacement for the 30-year-old fleet of 





TH-57 Sea Ranger helicopters. 

As the title of the programme suggests, 
AHTS is more than just a helicopter but 
an entire training system that includes 
TH-73A helicopters, 18 flight simulation 
training devices and ground-based 
training systems. 


One requirement of the AHTS was the 


7 use of a commercial helicopter that meets 
) all requirements under Federal Aviation 
Regulations to operate under both VFR 

; and IFR within the United States national 

3 airspace. Additionally, by procuring 

3 a Federal Aviation Administration 

7 certified aircraft, Naval Air Training 

3 Command avoided a costly development 
3 programme. 


- Aavance Helicopter 
Training system 

3 The principal objective of the AHTS 

3 programme is to improve pilot training 

| and skills by using current cockpit 

3 technologies and a modernised training 


: Above: 
; TH-73A Thrasher = of helicopters in the current US Navy, 
US Marine Corps, and US Coast Guard 


: inventories. 


: BuNo 170138/ 

: E610 lands 

: at Naval Air 

: Station Whiting 
: Field, Florida 

: on August 6 

: escorted by 

: aTH-57B Sea 

: Ranger. US Navy/ 
: Lt Michelle Tucker 
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> Curriculum that reflect the capabilities 


Captain Holly Shoger, programme 


? manager for the TH-73 with PMA-273 

3 said: “By using a skills-based approach to 
3 training, with just-in-time methodology, 

: incorporating modern technology, AHTS 
3 will ensure rotary wing aviators are trained 
: to a higher quality and more efficiently 

7 than the legacy system. Modernised 

3 training will provide properly trained 

7 aviators for in-service advanced weapons 
3 systems and reduce the training burden 

3 on the Fleet Replacement Squadrons. 

: The AHTS requirements were developed 




















accounting for the training needs of all 
FRS, so no matter which platform students 
select, they will be well-trained and fully 
capable of succeeding at the FRS and in 
their fleet squadrons’ 

Naval Air Training Command's current 
TH-57 system is 35 years old and is no 
longer representative of fleet aircraft. The 
AHTS includes the training tools needed 
to address the capability and capacity 
gaps resident in the current system. 

Similarly, the AHTS also addresses 
capability and capacity gaps resident in 
the current CNATRA-approved academic 
and flight syllabuses. Explaining, Captain 
Shoger said: “The new helicopter 
combined with new simulators and a 


: modernised curriculum will provide 

| a stronger foundation in basic rotary 

7 wing and aviation skills. Instruction will 

7 focus on energy management, flight 

7 planning, navigation, night vision device 


: training, critical thinking, crew resource 

: management, and application of 

| aerodynamic principles to ensure rotary 

7 wing aviators can perform successfully 

3 in any environment. Issues such as 

| brownout, high-altitude performance, 

: Spatial disorientation, and flight planning 
7 in an unfamiliar environment, among 

| others, will be introduced and trained 

3 sooner which will lead to a higher level 

3 of performance in the fleet no matter the 
: area of operation.’ 

















A dedicated support centre located 


7 adjacent to Whiting Field will house 
: classrooms, simulators, and a maintenance 
: hangar facility. 


Helicopter 

- Requirements 

: The current capabilities to which students 
; train (contact, energy management, basic 
3 and radio instruments, navigation, low- 

3 level navigation, shipboard operations, 

7 search and rescue, formation training, 

| confined area landings, external load 

7 operations, and night vision device 

3 training) will all be included in the TH- 

3 73 syllabus with the addition of rescue 

: hoist operations. 
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lt was a mandatory requirement for the 
TH-73 to be capable of hoist and external 
load operations reacting a 5,000Ib load 
and to be equipped with a hard point 
located in the cabin for aircrew safety 
during hoist and external load operations. 

Hoist operations is new to the TH- 
73 syllabus to satisfy training requirements 
prior to aircrew placement at an FRS. 
External load operations is currently 
taught using the TH-57B. 

Other requirements necessary for the 
TH-73 to meet aircrew placement at 
Fleet Replacement Squadrons are the 


: Below left: 

: Helicopter 

: Training 

: Squadron 8 (HT- 
: 8) will be first to 
: transition to the 
: TH-73 followed 
: sequentially 

: by HT-18 and 

: finally HT-28. US 
: Navy/Lt Michelle 
: Tucker 





: ability to configure the passenger cabin 

3 for different training profiles, and to be 

: equipped with an overt searchlight, and 

3 an integrated overt/covert IR searchlight, 
7 both capable of rotating 90° left and right 
: of helicopter centre line. 


Next to the 130-aircraft helicopter 


7 fleet, AHTS also includes a ground-based 
3 training system (GBTS). This consists 

: of 18 Federal Aviation Administration- 

: equivalent flight training devices or 

7 simulators, part task trainers and desktop 
3 trainers which provide aircrew with 

: hands-on practicum, and the training 

7 curriculum which provides aircrew with 

: the knowledge of the aircraft's systems, 

3 functions, and performance. 


To facilitate incorporation and 


: integration of future capabilities, 

: such as avionics upgrades and 

: simulated weapons employment, 

: an operational safety improvement 

: programme has been established to 
: address future potential avionics and 
capability upgrades. 


Explaining the maintenance support 


element of the AHTS, Captain Shoger said: 
: “Maintenance will consist of the existing 
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: Leonardo FAA maintenance instructions, 
supplemented as needed by government 
, procedures. Parts and equipment required 
7 for the AHTS, and TH-73 fleet will use 

the existing commercial helicopter 

: supply chain, which will benefit from the 
operating a single helicopter type’ 


Naval Air Systems Command opted 


| for a single aircraft configuration 

: to meet the entirety of the Fleet's 

3 training requirements and to reduce 

3 the cost and complexity inherent with 
: multiple systems. 


The AHTS requirements included the 


: need for independent, mechanically 

7 linked controls to meet a fleet training 

3 requirement prior to aircrew placement at 
: a Fleet Replacement Squadron. 


A similar requirement necessitated a 


need for the 3-axis AFCS to capture and 
? hold attitude, altitude, airspeed, course, 
: and heading. Coupling of the AFCS to 

: the flight controls is a new capability 

: introduced with the TH-73 compared to 
: theTH-57. 


Another mandatory requirement for 


: the AHTS helicopter was the need for 
: a tail rotor,as opposed toa NOTAR ora 











fenestron configuration, to match fleet 
helicopters, and for ease of maintenance. 
Production-standard TH-73s will have 
a manual rotor blade fold capability for 
efficient use of hangar space, though 
the four-rotor blade configuration is not 
expected to have a significant impact on 
the training curriculum. 
TH-73 cabs will also be equipped with 
a health and usage monitoring system 
for ground-based display of health 
data and information which is a new 
capability and a mandatory requirement 
for the US Navy’s new training helicopter. 
The HUMS records the status of critical 
systems and components so that early 
detection of progressive defects or issues 
are identified and addressed to avoid an 
operational impact. 


Training Wing o 

In 2018, Commander, Operational 
Test and Evaluation Force determined 
that a dedicated TH-73 operational 
test programme was unnecessary. 


Consequently, no TH-73 helicopters will be 3 
delivered to the test community meaning 


that all TH-73A delivered to the US Navy 


over the next four years will be based with : 
Training Wing 5 (TW-5) at Naval Air Station : 


Whiting Field in northern Florida. The 
wing's primary mission is to manage the 





: Above: The 

: orange-white 

: colour scheme 

: applied to the 

: TH-73 Thrasher 

: is more striking 

: than the TH-57 

: Sea Ranger's 

: design. US Navy/Lt 
: Michelle Tucker 


: Left: Note the 

: rescue hoist 

: fitted on the 

: helicopter’s right 
: Side which was a 
: mandatory 

: requirement 

: for the TH-73 to 

: be capable of 

: reacting a5,000lb : 
: load. Hoist 

: operations is 

: new component 
: of the TH- 

: 73 syllabus. US 

: Navy/Lt Michelle 

: Tucker 


: flight training of Student Naval Aviators 

7 (SNAs) and to provide liaison between the 
3 wing training squadrons and the Chief of 
: Naval Air Training (CNATRA). 


TW-5 staff run the CNATRA approved 


: flight and academic syllabus, oversee the 
7 flight instructor standardisation training 

7 programme, coordinate intra-squadron 

: student loads and assignments, control 

: US Marine Corps instructor strength and 

3 assignment within the wing, and monitor 
3 aircraft maintenance activities. 


Squadrons assigned to TW-5 are three 


| dedicated to primary flight training 

3 and three dedicated to advanced 

: helicopter training. TW-5 is responsible for 
3 approximately 43% of Naval Air Training 

: Command's total flight time and over 11% 
: of US Navy and US Marine Corps flight 

3 time worldwide. Each year, over 1,200 

3 personnel from the US Navy, US Marine 

3 Corps, US Coast Guard, and allied nations 

| complete flight training with TW-5. 


A student's primary flight training 


: is followed by selection to advanced 

7 training for one of four pipelines: strike 
; (jet); maritime (multi-engine); rotary 

| (helicopter); or tiltrotor (V-22 Osprey). 


Students selected for the helicopter 


: pipeline remain at Whiting Field for 
: advanced training and receive academic 
: training and flight instruction in the TH-57 
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: Sea Ranger while assigned to one of three 
; Helicopter Training squadrons HT-8, HT- 
: 18, or HT-28. 


HT-8 will be the first squadron to 


3 transition to the TH-73 followed 
: sequentially by HT-18 and finally HT-28. 


Initial phases of the course include aircraft 


systems, helicopter aerodynamics, and 

7 instrument navigation training, followed by 
: the helicopter tactics phase covering the 

3 fundamentals of formation flying, low-level 
3 navigation and night vision goggle training. 


Training Wing 5's current TH-57 fleet 


7 totals 113 cabs: 41 TH-57Bs and 72 TH-57Cs. 
: Procurement of 130 TH-73s represents an 

3 8.3% or 10-cab increase in not just TW-5’s 

| helicopter training fleet but also that of 

3 Naval Air Training Command. 


Since rotary and tiltrotor pilots currently 


3 make up more than 50% of all naval 

3 aviators in the fleet, little surprise that the 

3 pilot training requirement for rotary wing 

7 and tiltrotor pilots through 2040 is forecast 
3 to exceed 600. To meet that demand, Naval 
7 Air Training Command has deemed that 

3 130 TH-73 helicopters will enable TW-5 and 
; the command to keep pace with the fleet's 
3 training requirement through 2040. 


TH-73A deliveries commenced on August 


: 6, 2021, with the arrival at Whiting Field 
: of aircraft BuNo 170138/E610 and will 
: conclude in FY2024. oa 
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MQ-25 STINGRAY 


Right: T1 
N234MQ (s/n 
00001) on its 
first wheels- 
up flight from 
MidAmerica 
Airport. The 
shadow cast 
shows the 

air vehicle's 
chine, the 
longitudinal 
line of sharp 
change in the 
cross-section 
profile of the 
fuselage. Boeing 
Phantom Works 


Below: This shot 
of T1 in level 
flight shows 
the flaperons 
on the most 
outward part 
of the wing. 
Boeing Phantom 
Works 











3 highlighted the need for carrier-based 
: refuelling and persistent ISR capabilities. 


The Joint Requirements Oversight 


3 Council's (JROC’s) guidance set out a 

3 requirement for a versatile platform that 
7 supports a myriad of organic US Navy 

3 missions such as aerial refuelling and 

: ISR to support the Carrier Strike Group. 

: On July 21, 2017, the JROC validated the 
: capability development document for 

3 the MQ-25 Carrier Based Aerial Refueling 
: System or CBARS. 


Designed to be sustainable on board an 


: aircraft carrier and from shore bases, the 





Nes4nMg 


3 MQ-25 system is comprised of two major 
: architectural segments. 

: - the air segment includes the MQ- 

3 25A air vehicle and associated support 

3 and handling equipment including the 

3 deck handling system, spares, and repair 


: materials. 


- the control system and connectivity 


3 (CS&C) segment includes the Unmanned 
3 carrier aviation Mission Control System 

} (UMCS) and its associated communication 
3 equipment; mission support functionality 
: of the Distributed Common Ground 

3 Station-Navy (DCGS-N), the US Navy’s 
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; primary intelligence, surveillance, 

3 reconnaissance and targeting system; 

; all network based interfaces and routing 
: equipment required to control the 

3 Stingray; and all required modifications 
: to existing networks and C4l system 

7 infrastructure. 


As lead systems integrator, Naval Air 


3 Systems Command's Unmanned Carrier 
7 Aviation program office (PMA-268) 
: manages both. 


In terms of its operating envelope, 


: the MQ-25 adequately meets the fleet's 

: current operational needs and achieves 

3 the two primary roles. Driving that 
performance is a relatively low air vehicle 
: empty weight and the fuel-efficiency of 

3 the Rolls-Royce AE3007N engine. 


Components integrated on the air 


3 vehicle to meet mission requirements 

: include a long wingspan for flight stability 
3 and endurance, a Héroux-Devtek landing 
3 gear system, redundancy systems for 

3 safety of flight, Raytheon ALR-69A(V) all- 

3 digital radar warning receivers providing 
3 360° coverage, a Raytheon AAS-52 MTS-A 
3 multi-sensor imaging system equipped 

: with infrared and CCDTV sensors, laser 

3 rangefinder, designator, and illuminator, 

3 and a Rolls-Royce AE3007N turbofan 

3 engine rated at 9,000lb. 


Systems specific to carrier flight deck 


operations include a tail hook for arrested 
3 landings, foldable wings to minimise 

3 the parking footprint on the flight deck, 

: design features that ease maintenance, 














and on-deck control systems that 
integrate with systems currently used on 
Nimitz and Ford-class carriers. 


Ti and Phase One 
Testing 

Phantom Works, Boeing's advanced 
prototyping division, started building air 
vehicle T1 in 2012. 

The design features a blended wing- 
body-tail air foil with folding, high-aspect- 
ratio wings, and a V-tail. Its configuration 
reflects the long-endurance mission 
requirements of the UCLASS programme, 





particularly the long thin wings. Phantom 


Works finished the first iteration in 2014 as 3 


part of its design proposal for the UCLASS 
programme. 

Air vehicle T1 has the same outer 
mould line and the same engine to 
nascent production standard MQ-25s. 
Consequently, some aspects of testing 
already undertaken with T1 will not 
require repeating with a production 
standard air vehicle. 

The objective of the MQ-25 test 
programme is to evaluate system 
maturity and technical performance of 


= 





MQ-25 STINGRAY CHARACTERISTICS 


Wingspan 


mite |alme(=ve @releleelgialt 


Below: T1 
undergoing 
initial ground 
testing on an 
imitation catapult : 
at Boeing's St : 
Louis, Missouri 
facility. . Boeing 
Phantom Works 


75ft 
31ft 3in 
Blt 
15ft 7in 
No greater than a Super Hornet 





: the aerial refuelling role, both mission and 
: recovery tanking. 


Initial ground testing with T1, including 
communications integration, towing, 


: combined system and taxi, began almost 
: immediately following contract award 
: at Boeing's facilities in St Louis, Missouri. 


3 In April 2019, Boeing trucked T1 to 
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: MidAmerica St. Louis Airport in Illinois to 

7 conduct the first phases of flight testing. 

: T1’s maiden flight took place there on 

3 September 19, 2019. The company chose 

) : MidAmerica (the commercial side of Scott 
7 Air Force Base) because of hangar, runway, 
: taxiway, and air space availability. 


As of August 31, T1 had flown 32 flights 


7 and amassed over 100 hours during which 
: the team worked through test points 

? designed to evaluate the aerodynamic 

3 performance of the air vehicle, altitudes 

3 and air speeds, and the performance 

3 of the engine. T1 is instrumented for 

| capturing flight test data used to evaluate 
| flight and aerodynamic performance. 


T1 underwent a planned modification 


: for the installation of an aerial refuelling 

3 store underneath the left wing, specifically 
7 a Cobham 31-301 buddy store. The 

: modification was required because 








“3 MQ-25 STINGRAY 


AIR VERICLE CONTROL 


OK Tarem anteluyom-|alem <-n\0ley-1cemae)alice) cma a-wa\,@k@e)anlant-lalecnial— 
air vehicle where it needs to go and what it’s required to do: the 
system determines how to get there in the most safe and efficient 


Way. 


I bY] 0) (r=) Ke) o=1e-)e (oa ia\e)\cxmaal=we\Q@msar-liaie-|ialiacem eleiia\(-mae) alice) 
0) i dalw-l] mvc=al ce (ml arelle el |avemiarom-le)|fiaymxeke ar-lale(--j e\-\-10 mme||c-velu(e)ay 
elalem-|iuiaule(-mr-lalemeolaieialeeleri\maslolalicolmialsmaar-lealiarcmiVali (amie 


ilfelaie 


Flight control software is designed to handle unexpected events 
such as bad weather or when a change to altitude or the position 


of its tanking pattern is required. 


The AVO, a warrant officer, will use the MD-5 control station 
alolekysvemiiidallamealsm@s)aa(s)mcmOlalpat-jalalsven@tlaa(sl ae \ureldlelam ill arel i= 
Center throughout all stages of the mission from the catapult 


ElUlaveamvomual-e-lacsciicroml-lareliacep 


msle)mconl-lelaveam-lalem-lavel|alemr-Me(-ve @ar-lalelliaeme)el-l¢-1ce) mil NUK 
el =1@ @ ee) aldo) Re (\(e meen e-).(meal=molelale|r-\ya-] cele alomealcmilielalme(=e..¢ 
Once the air vehicle is on the catapult, at some point the deck 
ar-laleliiaveme)el=ir-1ce)m@uviiMarclacem@nmcenial-Wa\\, @mAvacs)mi-lalellalemaal= 
o(=Tel@at-lalelilaveme) elairclce) mudi mobili anion @e)alice)mueme-)(mualsm-l/mucial(e(= 
to its parking spot. This is a similar method to the one used for the 


\Yeyaualce) onl aelanlant-lam.cr-9Asme(-lanlelaiiureice) a 


DJ Ulaiatehr-(car-lmessie(siliale me) o<mmdalowa\OMN li Mat-\omealcr-10)1/18, 
to communicate with the receiver aircraft’s pilot. PMA-268 is 
currently developing a concept of operations for aerial refuelling 
which will follow the same procedures as currently used by Super 


mle) dalsiicy 


T1 was originally developed without 
pylons to carry stores; that was not a 
requirement of UCLASS. Flight test with 
the integrated aerial refuelling store began 
in December 2020. 

Testing with T1 will continue over the 
next few months to include envelope 
expansion, engine testing, and deck 
handling aboard an aircraft carrier. 

The latter will require T1 to undergo 
a second modification period to 
enable the air vehicle to integrate the 
operational deck control device hardware 
and software. 

T1’s involvement in the test programme 
will culminate with deck handling 
demonstrations aboard an aircraft carrier. 








: Right: When 

: T1 entered the 
: initial flight test 
: programme, 

: the Phantom 

: Works logo was 
: removed from 
: the forward 

: fuselage on 

: each side. Boeing 
: Phantom Works 


: Below: 

: Touchdown at 
: MidAmerica St 
: Louis Airport, 
: Illinois at the 

: end of T1's 

: maiden flight 

: on September 
: 19, 2019. Boeing 
: Phantom Works 


: Risk Reducer and 
Later Test Phases 

? Having T1 available for testing years before 
3 the first EDM comes off Boeing's St Louis 

: production line supports early learning 

3 and the discovery of any issues much 

3 earlier than is typical. Lessons learned and 

3 any issues identified can be applied and 

7 corrected during the development of the 

: EDM air vehicles. For example, an icing 

3 susceptibility issue with the air data probe 
3 system has already been identified. To 

: correct the issue, a different air data probe 
3 has been designed and will be fitted to all : 
| four EDM air vehicles EDM-1, EDM-2, EDM-_ 
: 3, and EDM-4, during their production. 


Without T1, the test team likely would 


: not have been able to identify the air data 
: probe problem for a few more years; other 
: issues are detailed later. 


Initial testing of each EDM air vehicle 


7 will take place at Boeing's MidAmerica 
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3 St Louis Airport facility by an integrated 

; NAVAIR-Boeing test team before delivery 

: to Naval Air Station Patuxent River, 

3 Maryland. MQ-25 testing will be led by Air 
| Test and Evaluation Squadron 23 (VX-23) 

3 ‘Salty Dogs: 


Part of the air vehicle's catapult launch 


3 and arrested landing equipment testing 

| will take place at Naval Air Engineering 

2 Station Lakehurst, New Jersey, followed 

3 by environmental testing in the McKinley 
| climatic laboratory at Eglin Air Force 

7 Base, Florida. 


EDM-1 will undergo initial envelope 


: expansion testing followed by catapult 
: launches and arrested landings at both 
: Patuxent River and Lakehurst. 


Boeing is conducting T1 flights in 


, partnership with PMA-268, whereas 

3 EDM flight testing will be conducted by 
3 an integrated NAVAIR-Boeing test team 
: led by VX-23. 








PMA-268 is overseeing all preparations 


: for the MQ-25's test programme at 

3 Patuxent River. A hangar is under 

: construction and a laboratory facility was 
: recently completed, support equipment 
3 is being acquired, and personnel 

3 recruited. 


EDM-1 and EDM-2 will be dedicated 


: to flight sciences testing and fitted with 

: more instrumentation than T1. EDM-3 

, and EDM-4 will be dedicated to mission 

7 systems and the air vehicle's effectiveness 
3 to the aerial refuelling role. 


The air vehicle’s all-up weight is an 


3 incredibly important design parameter 
| 3 for carrier suitability. The MQ-25 must 

: be capable of fulfilling its tanking role 

3 despite the constraints imposed by 

7 maximum catapult shot weights and 

3 arrested recoveries from Nimitz- and 

: Ford-class carriers. All-up weight was 


also constrained by the requirement for 
a minimum fuel giveaway of 14,000Ib at 


500nm from the carrier. By comparison, a 


Super Hornet holds a giveaway fuel load 


on anormal cycle and 25,000Ib ona 
short cycle. 

The MQ-25 will also be tasked with 
recovery tanking, which involves having 
a tanker airborne in orbit close to the 
carrier while other aircraft recover. 

A critical capability at night or when 
the weather conditions are bad with 

a pitching deck in heavy seas, such 
that pilots need to top up the tanks to 
afford further attempts to land on the 
flight deck. 

Initial Operational Test and Evaluation 
(IOT&E) is the final phase. 


Milestone C 

and Beyond 

Since contract award to Boeing, PMA- 
268 is following a non-standard version 
of the rigorous Systems Engineering 
and Technical Review (SETR) process 
to finalise the design. The Department 
of Defense tasked PMA-268 to tailor 
out elements of the standard SETR 
process in order to achieve a six-year 
schedule. MQ-25 milestone names and 


: Right: This top- 
: down shot of 
: T1 attached to 
: the imitation 
: Ccatapult’s 

of 12,000lb on a two-hour cycle, 15,000Ib : sineseg ea 
: engineintakea’ : 
: top the fuselage, : 
: andtheairfoil of : 
: the wing. 


: Below Right: 

: Another top- 
: down shot shows : 
; the fuselage plan : 
: form, the engine : 
: intake’s curved 

: articulation, and 

: the flaperons’ 

: position on the 

: wings. 


: Below:T1 

: positioned with 

: the forward 

: launch and aft 

: holdback bars 

: lowered over 

: the imitation 
: catapult’s shuttle : 
: track. Note the 

: Phantom Works 

: logo on the side 

: of the forward 

: fuselage Boeing 

: Phantom Works 


UNITED STATES NAVY AND MARINE CORPS YEARBOOK 2021 





MQ-25 STINGRAY 



































84 


MQ-29 STINGRAY 


requirements differ from the traditional 
convention because of the focus on 
accelerating development and delivery 
to the fleet. Work to set the baseline 
continued through to the MQ-25 system 
design review (SDR) which took place in 


because of decisions made about the 
air vehicle's production and ground 
control station. 

Production began in October 2020, 
following the SDR. SDR is similar to a 
critical design review used by other 
Department of Defense programmes. 

PMA-268 is pursuing a Milestone C 
decision for low-rate initial production 
in F¥2023 to procure up to 12 MQ- 
25A air vehicles. Following successful 
lOT&E, PMA-268 will pursue a full rate 
production decision for 57 aircraft for 
an estimated total of 76 air vehicles, 
including the seven aircraft procured 
under the existing EMD contract. 
According to PMA-268, Stingray is 
currently expected to achieve its initial 
operational capability with the fleet in 
February 2025. 


Programme Overview 
Since T1 made its maiden flight on 
September 19, 2019, the joint Boeing- 
Naval Air Systems Command test team 
has gathered considerable test data 
and learned several invaluable lessons 
about the air vehicle’s design. Like most 
prototypes, T1 has had growing pains. 
Following a recent down period, in 
early August the team re-started test 
flying to punch out more points within 
T1's flight envelope. Because T1 has 
the same outer mould line and type 

of engine as production standard MQ- 


: Above: E-2D 

: BuNo 166501 

: assigned to 

: Air Test and 

: Evaluation 

: Squadron 

: 20 (VX-20) ; 

: plugged into the : 

March 2020, but the timeline has slipped : 
: the world’s 

: second aerial 

: refuelling with 

: an unmanned 

: air vehicle, 

: Boeing’s MQ-25 

: T1N234MQ, on 

: August 18, 2021. 

: Boeing 


drogue during 


: Below: MQ-25T1 
: and E-2D BuNo 

: 166501 conduct 
: astraight and 

: level dry plug. 

: Boeing 








3 25As, test flights being performed with 

: T1 are achieving test points that further 
3 increase the test team’s understanding 

3 of how the air vehicle functions 

: and performs. 


Captain Reed cited how the flying 


: characteristics of the air vehicle's novel 
inlet on the top of the aircraft require 

3 a thorough understanding. Explaining, 
: he said: “How air enters 11's inlet in 

: various portions of flight regime and 

7 how that affects engine performance 

3 is an example of the need for a full 

3 understanding of functionality and 

7 performance.” 


T1 is a one-of-a-kind, hand-built 


: aircraft, and there are times when the 

3 test team learns lessons. One of the 

7 important parts of learning lessons is to 
conduct root cause analysis and evaluate 
3 if the issue applies toT1 because of its 3 





~? 





— 
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3 unique aspects, or will the issue also 
: apply to the EDM aircraft? 


Another example of a lesson learned 


3 applied to the air vehicle’s software 
7 which was identified on T1 and will not 
3 feature on the EDM aircraft, nor will 
: the architecture of some of the wiring 
3 harnesses which caused testing with the 
3 air vehicle to temporarily stop. Captain 
3 Reed stressed the need to evaluate all 
3 such discoveries and make the required 
| : changes to T1 and to avoid building 
, those aspects into the US Navy's EDM 

7 and production aircraft and mature the 
3 Stingray’s eventual manufacturing run. 


The recent pause was implemented 


al 3 so the air vehicle was ready to continue 
: 3 flying envelope expansion flights, and 

3 to correct the prototype-specific issues 

: or concerns held about safely flying 

3 the aircraft. 


Stingray Production 

3 Discussing MQ-25 production at 

? Boeing's St Louis facility, the author 

7 asked Captain Reed whether a partly 

3 assembled or near fully assembled MQ- 
3 25 EDM air vehicle would be seen on the 
3 production line? “Right now, you would 
: not see a near fully assembled aircraft, 

| but the shell skeletons of the static test 

, article and components of EDM-1 ina 

3 jig. The static article will be rolled-out 

3 first followed by EDM-1 during the 

; summer of 2022. Of the nine aircraft, 

: there are two, that as their names 

3 suggest, will not be used for test flying, 

3 four EDMs and three SDTAs. 


Earlier in this feature mention was 
made of the keel beams, a significant 


: structural element of the air vehicle 





Above: MQ-25 
prototype T1 
N234MQ seen 
Temeitecleeliie-lace 
level flight 
loaded witha 
single Cobham 
31-301 buddy 
air refuelling 
store. Boeing 


Below: MQ-25 
T1 and Air Test 
and Evaluation 
Squadron 23 
(VX-23) F/A-18F 
Super Hornet 
BuNo 166969/ 
$D123 plugged 


olUi give m-M(-amaelae | 
: the brand-new design, which features 


on June 4, 2021. 
Boeing 


: that provides structural integrity to 
: the fuselage. 


Civile dalam ate] ael@sme)maal-m ciel 


2 olhee\Vclccre mie lacelelarellaremant= 

7 aatelaleir-\eielc=me)maal=m <-1-1m ol=r-] gal} 

3 BXol= ale me eNU UN ANUele diate manlcolelelanr 

7 redesign process making changes to 

: Tan} e)cedcm o)coleleled(olamelur-lliavalamaals 

, =) core KOM-10] 0) ole) gmdate ©) cele] e-lanlaal=emr-le)(e 

: development schedule. Changes made 
Mall Mate\ickelUlic-e-lamlanlorvamelamtat-eelelice 

7 of the air vehicle. A wing redesign is not 
currently being considered. What's at 

: stake is production quality associated 

: with the keel within the fuselage. 


OJate=msiol-ialemie-laccremant-laleir-leaelaiale 


7 el aliat-maual-melarejiaereliar-lmilalomyUal-icomaal— 





3 aircraft's fuselage cross-section profile 
| el at Jato (=<) =] alem-lal-li mi lalisimr-1ke) om dal= 

. fuselage, the company discovered issues : 
3 with the keel beams. This has impacted 
3 on the programme's overall progress, 

: particularly in assembly. 


Captain Reed said PMA-268 is 


: lvl dé—Jalahvm cele) alate me laidal-m e)celelel@ulelan-lare 
3 manufacture of MQ-25 aircraft for two 

3 reasons. One, the keel beams and if any 
| elar-Vale[—cweltma—re [Ulic-romce)mantlaleircredelaiare 
3 keels for the aircraft. Two, the impact 

| o}aa dalcmaatclaleiccveicel alate melmeat—m = D)\maccyt 

7 aircraft if changes are required. 


According to Captain Reed, the size of 


: i al=m o)(=1e--M0) Maal =1¢-] Mel-iialemehi=re com re) aan 
: the keel beams presented challenges 
mre (Ulatavemaat-Miblleciy4-mel-icclaanliavclaie 
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7 assembly process, such that the process 
3 is unlike any previously undertaken. 

3 Determinant assembly enables quicker 

2 AK =1 0010) NM ONmUiale mel alice mee)an) elolalsial es 

: darclme ele apvar-lilelamuaiaareleimtalcmeny-me) mr] aby 
| eTofotiareyat-]muexe)iiale m-lleks 


BXol=siale marek ole) acsvemaal=mi0l | eiy4= 


7 determinant assembly process from its 
: T-7A trainer programme in which the 

7 10] oXero) ald r-leke) cme al maat-mae) ea] ele) allele: 

: and deliver them to the St Louis facility 
| ready for assembly. 


NYS ere) alace) melee lulela 


: When MQ-25 Stingrays are deployed 

, onboard US Navy super carriers 

: embarked as an element of the Carrier 
: Air Wing, the air vehicles will be 

7 controlled by the Unmanned Carrier 

| Aviation Mission Control System 

: (UMCS), not to be confused with the 

3 fo] celui aremaeyalace)mic-la(e]apmel—-dielal-le-remaal= 


V1 DEsopmYa) (eam CMe) aromero)an)ele)al-lalme)mual= 


: UMCS system. 


Ulave(=)adarsme||c-velule)ame)mi-| aa\=si me lelareley 


3 Geurts, the then Assistant Secretary of 
: the Navy for Research Development 

: and Acquisition, PMA-268 is currently 

7 Tan) e)(ciaatsiaidialemsal=m elie lel-imelar-lale(-mlamaat= 
| NW{L@ EP om 0) coke] e-laalpal-mcemer-1=rm e)hVceldiale me) 
7 ~Manteldel corm arene ida Varel-n'/-1(0) elcome] celulare 

3 control station for new versions of the 

: MD-5. Guerts recognised the need to 

3 late ms MW ce Wacom ©) ce)Ule(-mil=> die) illavalameal= 

: test programme with less dependency 
3 olal-]iceie-1nemer-]ealsecw-lale miele) elelamieiael c= 

3 Uiavant-lalalsvomecrelUlicalaalsalemlala@lereliare 

: multi-level security capability and 
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Joint All Domain Command and Control 
(JADC2) interoperability. This started an 
exhaustive review and study of the Navy- 
led MD-5A/B. 

Explaining, Captain Reed said: “PMA- 
268 was Originally developing and 
manufacturing Alpha and Bravo versions 
of the MD-5: a seagoing and a shore 
version respectively. We recognised the 
need for an embarked version, and the 
requirements of its architecture. We had 
Originally built the MD-5 at a classification 
level that was unable to support the Joint 
All-Domain Command and Control open 


systems architecture, a critical requirement 3 
: C, Dand E versions of the MD-5 ground 
: control station. 


Aerial Refueling 


when partnering with other services and 
supporting the air wing of the future.’ 

Captain Reed said PMA-268 has 
adjusted the MQ-25 Stingray programme 
accordingly to achieve its initial 
operational capability in February 2025. 
This will allow time to manufacture the 
new ground control stations, deliver 
them to Boeing for integration with the 
air vehicles, and as the lead systems 
integrator, undertake system software 
integration in NAVAIR’s labs with 
Lockheed Martin. 

There are three versions of the new 
ground control station known as Charlie 


: (permanently installed on aircraft 

3 carriers), Delta (used for shore-based 

3 operations) and Echo (the transportable 
3 version for use at different locations and 
3 aircraft carriers). 


The Echo version is the one that should 


: enable greater flexibility in the MQ-25 
: test program because it enables the 

: use of any available JPALS-equipped 

: carrier, depending on their availability 
: and when underway at sea, which opens : “7 ""<‘ 
| : during the 
: the aperture for test periods from one or : 

: two carriers to multiple carriers. 


In April 2021, a contract was awarded 
to Lockheed Martin to produce the new 


MISSIONS 


7 For the first time in history, Naval 

: Air Systems Command and Boeing 

: demonstrated aerial refuelling using an 
7 unmanned tanker aircraft — the Boeing- 
3 owned MQ-25 11 test asset — to refuel 

3 an F/A-18F Super Hornet assigned 

: to NAVAIR’s Air Test and Evaluation 

: Squadron VX-23 (VX-23). 


During a test flight flown from 


: MidAmerica St Louis Airport on June 4, 


: Above: Air Test 

: and Evaluation 
: Squadron 23 

: (VX-23) F/A-18F 
: Super Hornet 

: BuNo 166969/ 

: $D123 uploaded : 
: nearly 300lb of 
: fuel from the 

: single Cobham 
: 31-301 buddy 
: air refuelling 

: store carried 

: by MQ-25T1 


: history-making 
: mission. Boeing 





: T1 successfully extended the hose and 

7 drogue from a Cobham 31-301 buddy air 
; refuelling store underneath the left wing 
3 and safely transferred the 300lb of jet fuel 
: carried by the store to an F/A-18F Super 

: Hornet. The event demonstrated the MQ- 
3 25’s ability to conduct its primary aerial 

3 refuelling mission and made history in 

: the process. 


During the initial part of the flight, 


3 the F/A-18F test pilot flew in close 
: formation behind the MQ-25 to ensure 
: performance and stability prior to 


: refuelling — a manoeuvre that required 
: as little as 20ft of separation between 

3 the MQ-25 air vehicle and the F/A-18F's 
3 refuelling probe. 


Both aircraft were flying at 


3 operationally relevant speeds and 

3 altitudes. Once the evaluation was safely 
3 completed, the MQ-25 drogue was 

7 extended, and the F/A-18 pilot plugged 

3 with the unmanned aircraft and received 
3 fuel carried in the ARS. 


The milestone took place after 25 


3 flights, testing both the air vehicle and 


: the ARS aerodynamics performance 

: across the flight envelope, and 

: simulations of aerial refuelling using MQ- 
: 25 digital models. 
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The author spoke with Lieutenant 
Peabody (pilot) and Lieutenant Babka 
(NFO), the crew from Air Test and 
Evaluation 23 (VX-23), who flew the 
history-making mission. 

Before the two lieutenants flew the 
F/A-18F to MidAmerica St Louis Airport, 
Boeing undertook an ARS risk reduction 
flight with T1. Lieutenant Peabody 
explained how the mission involved 
extending the hose for the first time. “The 
team looked at the dynamics, especially 
as it passed the left stabiliser to make sure 
there was clearance between the drogue, 
the basket, and the air vehicle and during 
retraction. We had to see the stability 


characteristics of the drogue when straight 3 


and level and in the turn, to see if the 
basket oscillates or if it’s steady. We found 
that it was steady during the F/A-18 test’ 
Lieutenant Babka explained how they 
performed a running rendezvous with 
T1 flying straight ahead: “We joined from 
behind, flying the same heading, using 
an air speed advantage to effect the join. 
We used the same pod and the same 
techniques as used in the fleet. We got 
cleared in the basket and then followed 
the same procedures. First, we did a plug 


straight and level and then a plug in a turn, 3 


followed by a third plug to receive gas. We 
then changed the altitude and air speed 
before completing another straight and 
level plug.’ 

The author asked Lieutenant Peabody 
what the wake and the F/A-18’s position 
felt like behind the tanker. “The wake is 
very benign therefore, the basket was 


is that engine noise is clearly reduced 
compared with the F/A-18 because the 
ARS pod is on the left wing so you're 
not near the engine. Overall, it makes 
for a smooth, stable, peaceful tanking 


: Above: A single 
: Cobham 31- 

: 301 buddy air 
: refuelling store 
: loaded onthe 

: left underwing 
: pylon on 

: Boeing's 

: MQ-25T1 at 

: MidAmerica St 
: Louis Airport, 
: Illinois on June 
: 4, 2021. Boeing 


: Below: Smoke 
: swirls of the 

: tyres on the 

: main wheels 

stable,’ he replied, “one of the nicer aspects 3 eins 
: of T1 upon 

> touchdown at 

: MidAmerica St 
: Louis Airport, 

: Illinois on June 
: 4, 2021. Boeing 


: experience. It didn't feel like we were 

: flying behind an aeroplane at all. We could 
3 not hear the jet exhaust, even though we 

: did some test points with the nose of the 

: aircraft in close-proximity almost right 

: behind MQ-25. 


Lieutenant Babka said operation of 


3 the air vehicle and the drogue was very 

3 smooth and better than expected, “not 

: only is the basket stable but the air vehicle 
3 itself is stable. Whenever the air vehicle is 

: assigned an air speed, it flies at that exact 

| airspeed and altitude’ 


Seventy-five days later, the test team 


3 completed its second aerial refuelling 

: mission, this time between T1 and an E-2D 
: Hawkeye assigned to NAVAIR’s Air Test 

: and Evaluation Squadron VX-20 (VX-20). 

: Once again flown from MidAmerica St 

7 Louis Airport. Initially the VX-20 pilots 

: conducted a successful wake survey 

: behind T1 to ensure performance and 

7 stability. They then plugged into the MQ- 

: 25's aerial refuelling drogue and uploaded 
: approximately 300lb of fuel carried in the 

7 aerial refuelling store. 


MQ-295 STINGRAY 














- Forthcoming 

 ACtIvIty 

: Aerodynamics of the air vehicle and its 

: engine are two aspects that PMA-268 

7 is continuing to understand further, 

7 a process that requires more test 

7 points to be completed over the next 

7 few months. 

: im portant events on the near-term 

7 horizon are to complete the next air 

3 vehicle modification period to suitably 

: configure T1 to conduct deck handling 
3 operations aboard a Nimitz class carrier 
: in December 2021. 

3 Captain Reed said the event, called 

: the unmanned carrier aviation 

3 demonstration, will involve T1 being 

3 driven around the flight deck to 

3 check its handling qualities, and the 

7 functionality and capabilities of the 

: deck handling system as developed by 
7 Boeing. He said: “We're also going to 

3 take our new ground control station to 
3 the ship and evaluate how it functions 

: onboard a carrier and how it integrates 
: with the ship's systems.” == 








88 =T-45C GOSHAWK 


=AV/ ot RO) od i DED AY (G1 DLO) NIN | ol 
Douglas, the Goshawk 
supports the intermediate 
late m-(e Ne] avearem ele)adlelakae) manl= 
US Navy and US Marine Corps 
o)ie)mar-lialialem e)ceye)¢-lanlanr= 





fo) m ofo)d a (=imer-| eel mr-)\4t-1a(0)am-|aleme-la@aler!) 
strike missions. 

Based on the British Aerospace Hawk 
trainer, the Goshawk featured a significant 
redesign of the structure that permitted 
dao (cum KOM ldarie- lace mers|ae(sml-lalellaecw-lale 
take-offs. 

Selected as the winner of the US Navy’s 
WA DG Bon (Olate(=1ce/c-lelel-1k- imal (elalmlic-lialiave 
macolele-lan) mam (e).=100)e\-10m bose Pm dalom aller) 
prototype T-45A made its first flight in 
April 1988. Production deliveries began 
in October 1990 and 83 T-45As were 
o)cele lua -lel o\-1(e) (=m ©) cele lU ad leam wi icgal-re nce) 
the more advanced T-45. 

The C-model featured a digital glass 
cockpit that was first evaluated ina 
modified T-45A in March 1994. The 
first T-45C flew in October 1997 and 








: production deliveries began the following 
: month. Boeing's McDonnell Douglas 

: subsidiary delivered the last of 221 

: Goshawks from its St Louis, Missouri, 

7 facility in October 2009. 


Surviving T-45As were upgraded to the 


3 ie eneelaliceluicolicelamelare(—m@aal-ua—elelicare) 

: Avionics Modernization Program (RAMP). 
7 In addition to a glass cockpit the RAMP 

3 brought the T-45As up to the same 
airframe configuration as late-model 
T-45Cs. Modification of the last of 63 

3 Goshawks was completed in 2015. 


A Virtual Mission Training System (VMTS) 


| that allows the Goshawk to conduct 

3 Kare] [hye cem e-lerd(er-]ee-ler-lmir-lialiaemeniiate ne 

: synthetic radar capability was installed in 
15 T-45Cs operated by Training Air Wing 

3 6 (TAW-6) at Naval Air Station Pensacola, 

Florida. The VMTS entered service in 

3 December 2013. 


Over 190 T-45Cs remain in service. The 


3 jets have received additional upgrades 
: that include installation of the Automatic 
am DY=)0\-Jare(-VaresielaV-ill elarecesicey-te(e-wia(@)Ul 


: transponder and Required Navigation 
: Performance/Area Navigation (RNP/RNAV) : 
: mods to meet the FAA's NextGen airspace 
requirements. 


IN av=xomaalelelialeslele)akw-l¢-e lave ie(e(-emlamual= 


: Required Avionics Sustainment Program 


In 2018, Boeing began the second 


phase of a service life extension program 
(SLEP) to increase the T-45C's service life 

: to 19,500 flight hours. Plans are underway 
; to further extend the service life to 21,600 
hours, which would permit the Goshawk 
to remain in service until 2035. 


Despite the planned upgrades, the US 


Navy has begun searching for a jet trainer 
to support its new Undergraduate Jet 

Hi TialiaveBs)\1-1000 ©) cele |c-lanlaal=e-] elem c-1e)t-(a= 
: the T-45C. 


A request for information associated 
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Ly 
= 


| (RASP), which also provided multi-function . 
: colour displays (MFCDs) and a mid-air 
: collision avoidance capability (MCAC). 


with the programme was released on May 
an PAO PAO RV allel pRcxolle] aime) ole )aica cela tars 
: acquisition of a ready-to-go, land-based 


-490U GOSHAW 


Below: A T-45C 
Goshawk 
prepares to 
Flateme) smal 
iltelalmel-te @eyi 
Fligde-jame-lagl-1s 
USS Dwight 

D. Eisenhower 
(CVN 69). 


jet trainer aircraft by 2028. Rather than 


ol=)1 ale er- 14a (=) exer-] 0y-10) (=m Com talon @lesiar-\uy ements : 


new trainer will be limited to conducting 
ii(=)(omer-|ae(-lm@l-larellaven e)¢-\at(a-k( GMa -lale 
ial] e)eley-]cemcole a am-laleme(ont-laleliare jm sielial 
missions require an aircraft capable of 
allelabsial.qrcltculclaleliale cs 

The service's requirements for the next 
generation trainer include a service life 
of at least 14,400 hours including 43,200 
lave liavecemavelelia(e)al-|m cave [0lic-an(alew lace |ele(= 
an operational ceiling of 41,000ft, a top 


speed over Mach 0.84 and the capability to : 


sustain at least 3.1g. Two weapons pylons 
are also a requirement. The two-seat 
aircraft is expected to fly an average of 400 
aXe) Ulace-] ale qo) alel0 (cum bVA008 @ RG oml-lareliarels 
Fae k-toker-ladicimcole(aamelave meron -larel|avers 
annually. Tom Kaminski -*- 
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: Above: A T-45C Goshawk assigned to Training Squadron 22 (VT-22 

: aircraft carrier USS Harry S. Truman (CVN 75) in the Atlantic Ocean. 

a OSS VAAN Coch @olanlanlelale-liiolansie cai) |imsia-lan-lamUhilianu-\aaree 


) launches from the flight deck of 

















CMV-22B OSPREY 


Below: CMV- 

22B BuNo 169435 
(N-1) during a 
elavelcemil(eliimigelit 
MEME MAN mej e-laleya 
Patuxent River, 
Maryland. Naval Air 
Systems Command/ 
dl @milelele)¢elarelt 





NTIL EARLY AUGUST 
logistics support to US Navy 
carrier strike groups was 
AVIielicrome)Vadat=mGlaulanleat-la 
C-2A(R) Greyhound, a 

oO] Kamuela ole) e)ce) ener-|cele) 


: aircraft introduced to fleet service 

: in 1985. Today, the first C-2A(R) has 

} been withdrawn from service, a flight 
: test aircraft assigned to Air Test and 

: Evaluation Squadron 20 (VX-20) based 
at Naval Air Station Patuxent River, 

: Maryland. C-2A(R) BuNo 162142 made 
| its final flight with VX-20 on March 19, 
: 2021 and the aircraft will be placed on 
: display at the base museum. 


Aircraft 142’s retirement is a precursor 


: to the Greyhound’‘s retirement from fleet 
5 service, a process that begins with Fleet 

: Logistics Multi-Mission Squadron 30 

:_ (VRM-30) ‘The Providers’ based at Naval 

7 Air Station North Island, California, and 

3 will end with VRM-40 ‘Rawhides’ based at 
: Naval Air Station Norfolk, Virginia in the 
next few years. 


For US Navy super carriers and their 


: assigned strike groups, the carrier onboard 
3 delivery (COD) role is critical. As the 

3 C-2A(R) retires, its place will be taken by a 

3 new type of aircraft, the tiltrotor CMV-22 

3 Osprey, a machine that meets the official 

: aerial resupply and logistics for sea basing 
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: requirements and will provide the US Navy 
: with operational capabilities and flexibilities 
: not available from the Greyhound. 


Carrier onboard delivery, the CMV-22B's 


7 primary mission, is officially defined by 

3 the Navy as the use of aircraft to transport 
: fel=re) ©) (-ar-]aleMar-1c0(emice)aak- Mie) aw (-lcem (ele |e (@ 
3 site (FLS) to a carrier strike group (CSG) 

: at sea. A COD detachment typically has 

Me ORCI NellaeR-licarlie-laeRsleyerevaciale 

? personnel assigned. Since the USS 

3 Carl Vinson sailed from San Diego on 

7 August 2 with Carrier Air Wing 2 (CVW- 

: 2) embarked, its COD detachment 

3 comprised three CMV-22Bs assigned 

: to VRM-30. 











Weld @:\ Vide) s we)ge)il coma Olom NIG NAVAS 
newest aircraft, the CMV-22B 
Olsje)ce\vaelstsie|alsemre)mualouse)lone)i 
ofe]ddiclere)alelele|cemels iio lavs 
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CMV-22B OSPREY 


Right: CMV- 
22B N-1 arrives 
at Naval 

Air Station 
Patuxent River, 
Maryland 

on February 

2, 2020. The 
aircraft is 
assigned to 

Air Test and 
Evaluation 
Squadron 

21 (HX-21), 
the resident 
rotary-wing 
developmental 
test 
organisation. 
Naval Air Systems 
Command 


Below: This shot 
of aircraft N-1 
clearly shows 
the 38-foot 
prop-rotors, 
sponsons, 
larger than 
those fitted to 


MV-22B and CV- : include vertical on-board delivery, vertical 


22B variants, 


imaging sensor 
mounted under 
the forward 
fuselage. Naval 
Air Systems 
Command/Erik 
Hildebrandt 


| C-2A(R) Greyhound 


Pa SS 

















Other missions tasked to the CMV-22B 


and the AAO-27 3 replenishment (lifting supplies from one 
: ship to another), medical evacuation, 

: naval special warfare, missions of state, 

: humanitarian assistance/disaster relief, 


: and search and rescue. 


Under the current plan, the US Navy is 


: due to receive 44 CMV-22 aircraft. 








| CMV-22B Ospre 


Crew Two pilots, two aircrew | Two pilots, two aircrew 


Max pax 26 
10,000Ib 
87 2ft 739ft 

| 343 kts 
251 kts 

| 1,000nm 
Service ceiling 30,000ft 


Ni tebs@l eke Va leyele 
(@-Tre (eh) y- (a= 
Nedra olatare 
Cruise Speed 
Range 





24 
20,000Ib 


280 kts 
241 kts 
[Pubelelalan 
25,000ft 
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A Navy Bird ios A Navy | 


Mission 

: Jointly built by Boeing (at Philadelphia, 

: Pennsylvania) and Bell Helicopter Textron 
: (at Amarillo, Texas), the CMV-22B is the : 
:_ latest variant of the Osprey tiltrotor family. It 
3 is for the most part similar in configuration 3 and the re-qualification of breakaway valves. 
| to the CV-22 and MV-22 variants with : 
: additional navy-specific systems fitted. 


The biggest visual differences on the 


3 CMV-22B are the larger fuselage sponsons 
3 which house additional fuel compared 
3 with those fitted to other Osprey variants. 


To meet the US Navy’s CMV-22 


3 requirements, the V-22's baseline design 
2 required changes to certain components 
7 to enable the large sponsons and 

, additional fuel tanks to be integrated. 


According to Bell-Boeing, the CMV-22B 


3 configuration includes the addition of a left- 
: hand and right-hand fuel cell in previously 
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dry bays in the mid-wing. The added fuel 
cells required the relocation of several 


existing systems, such as elements of the fire 
2 suppression system, hydraulic lines, aircraft 
: wiring, and changes to the fuel management 


system. It also required new rollover valves 


Finally, support for the new fuel cells 


: required structural reinforcement, as 
: well as provisioning and penetrations to 
: address re-routing of fuel lines. 


The wing structure also received several 


3 corrosion preventative improvements to 
: address water intrusion, such as a change 
3 from sealant to transfer tape which 

, eliminated curing time, and in the future 
, allows for a cleaner removal. 


Designing the CMV-22B offered 


3 additional opportunities for cost 

3 reduction and weight savings with the 

7 use of additive manufacturing, primarily in 
: barrier clips, fuel cell cones, and spacers. 


Because of the additional tanks, the 


3 CMV-22B's total fuel load is increased by 

: 5,545lb to 17,245lb. That's critical to enable 
3 the CMV-22B to carry 6,000Ib of cargo 

3 over a range of 1,150nm out to or back 

7 from a ship. 


Other navy-specific systems fitted 


7 are an HF radio for beyond line of sight 

3 communications, a passenger public address 
3 system and an all-new NVG-compatible 

3 cabin lighting system used for unloading 

3 and loading of cargo during night ops. 


To further extend range when required, 


3 the baseline CMV-22B has a receiver-only 
, aerial refuelling capability installed. 


Aircraft survivability equipment includes 


; the ubiquitous AAR-47 missile warning set, 
: the ALE-47 countermeasure dispensing 


system, and the APR-39A radar signals 


detection device. Imaging is generated by 
a mid-wavelength infrared AAQ-27 sensor. : 


A Big Load 

USS Carl Vinson (CVN 70) deployed on 
August 2 with a single F-35C Lightning 
ll-equipped squadron onboard. Strike 
Fighter Squadron 147 (VFA-147) 
‘Argonauts’ is embarked for the navy’s 
inaugural F-35C deployment as part of 
CVW-2 bound for the Pacific and Indian 
Oceans. The stealthy fifth-generation 
fighters will be in part dependent on the 
tiltrotor COD which can carry the F-35C's 
F135 engine module on or off the ship; a 
vital capability not held by the C-2. 

That said, airlifting the engine module 
held in a storage container and its 
accompanying skid weighing 9,350Ib 
presented a significant challenge to 
NAVAIR’s (Naval Air Systems Command's) 
COD specialists. It is the engine's heaviest 
and bulkiest component and creates a 
larger logistical footprint for the Vinson’s 
air wing compared to a legacy (non 
F-35C-equipped) air wing. According 
to the director, Operational Test & 
Evaluation’s FY2019 annual report, this 
factor may extend the timelines required 
and increase the risk to conduct certain 
shipboard flight and resupply operations, 
though not all the cited footprint increase 


is directly related to the F-35C since CVW-2 : 


has two additional EA-18G Growlers and 

one additional E-2D Hawkeye embarked. 
Back in May 2015, a NAVAIR cargo 

and special operations team undertook 

a demonstration of loading the F135 


Maintainers assigned to Fleet Logistics Multi-Mission Squadron 30 (VRM- 
30) ‘The Providers’ marshal the squadron’s first CMV-22B Osprey toa 
parking spot after its arrival at Naval Air Station North Island, California. 
US Navy/Mass Communication Specialist 2nd Class Chelsea Meiller 


Below: Two 
generations of 
carrier onboard 
delivery aircraft 
on the runway 
at Patuxent 
River on March 
19, the day that 
C-2A(R) BuNo 
162142 made 
its final flight 
with Air Test 
and Evaluation 
Squadron 20. 
Naval Air Systems 
Command/Erik 
Hildebrandt 







: engine power module on an MV-22B 

: Osprey and airlifted it to the USS Wasp 

3 (LHD 1). The demonstration used a 

: prototype skid designed by Pratt & 

7 Whitney to prove a module can be 

: supplied to a ship by COD while keeping 
| it securely tied down in the MV-22’s 

3 cargo compartment during flight. The 

| demonstration was not all smooth sailing 
; as the skid’s dimensions weren't fully 

: compatible with the aircraft. Working 

: with Pratt & Whitney, the NAVAIR team 

3 narrowed and shortened the skid by 6in 
7 and 14in respectively. Weight was also 

2 reduced by approximately 2,250lb such 

7 that the total weight of the module with 
the skid is approximately 7,100Ib. 
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Flight Test 
| To date, Bell-Boeing has built two fleet 
representative CMV-22B test aircraft, 

: BuNo 169435 and 169436 (N-1 and N-2). 

; Both have been assigned to Helicopter 

3 Test and Evaluation Squadron 21 (HX-21) 

| for the test phase. Aircraft N-1 is fitted 

: with instrumentation to collect initial 

| data on the new fuselage frame structure 
3 to enable flight test engineers and test 

: pilots to assess any structural and flying 

; quality differences between a CMV-22B 

3 and an MV-22B aircraft. The second 
aircraft, N2, is fitted with a more extensive 
| instrumentation package, as required for 
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: the loads and handling qualities testing. 















CMV-22B N-1 on the type’s maiden flight from 
the Bell Military Aircraft Assembly and Delivery 
Center at Amarillo, Texas on December 19, 2019. 


Bell-Boeing 
Flying N-1 from the Bell Military Aircraft 3 Developmental test events will be : that US Navy crews have already flown | BottomLeft: A 
Assembly and Delivery Center in Amarillo, : followed by OT with some of the efforts : MV-22Bs around super carriers [CVN] ; C-2A(R) Greyhound 
devel 4 7 4 : akan | calle ae : - eesid : assigned to Fleet 
Texas, developmental test pilots made undertaken in parallel because of : during several at-sea periods. He said: : Logistics Combat 
the type’s maiden flight on December 19, = crossover. : “The aircraft integrates with fixed-wing __: Support Squadron 
2019. Since that milestone, a joint team : — Interestingly, aircrew carrier qualifications : operations seamlessly.” = Seeley ‘The 
: - : Providers’ prepares 
of Bell and NAVAIR test pilots executed 7 for the OT phase will be the first time that : Packing two powerful 38-foot diameter  tolaunch — the 
eMie-|aler-lcemelicerlamvarel. (rele iamilelaie : a CMV-22B flies on and off a carrier as a : tiltrotors, the rotor wash of any version __: aircraft carrier USS 
test matrix sufficient to clear an aircraft : carrier suitability phase was determined to : of the V-22 effects deck handling, 7 John C Stennis (CVN 
operating envelope for the 1,500-mile 3 be unnecessary thanks to the earlier risk : taxiing, take-off, and landing procedures. : ee Bt 
ferry flight to Naval Air Station Patuxent | reduction events flown with the MV-22B, | Explaining, Captain Chaney said when 3 Wayman - 
River, Maryland. : which are now helping to expedite CMV- 
N-1 arrived at Patuxent River from 7 22B testing and certification for fleet use. 


Amarillo on February 2, 2020 - it was the 


first flight of the aircraft outside of the : F | | 6 ale Deck O D sel Gals 


manufacturer's test area. Aircraft N-2 3 DIKelUksi [ave mealemiag) ey-lelme)maar=n OW 
arrived at Patuxent River in May 2020. : 22B to carrier flight deck operations, 
GV \WevPA one (=nV/-1(0) o)palcialt-li-lale ke) el-1¢-10(e)ar-1 3 Fleet Logistics Multi-Mission Wing's 
testing (DT and OT) is being conducted 7 (@oyanlantole(o)c=n @-]e)r-] am BL-we)pn Ml ar-lal=o\, 
from Patuxent River by two resident units. 3 said there will be changes to the way 


HX-21 is leading the DT effort, while the OT 3 the flight deck crew plan for recovery of 
phase will be undertaken by AirTestand : aCMV-22B vsaC-2A(R) and confirmed 
Evaluation Squadron 1 (VX-1) ‘Pioneers: 





. : the aircraft is on deck, the engines are : Above: _ 
| ; i | : ualcolad(sve mele) iam compaliallanicioncelcelmulchia penne pee 
. 2 ; : . a vee ey : COD role, delivery 
‘ iF Bis i: 7 and the nacelles are also modulated ona : of cargo. Logistics 
en ~— ~~. , : schedule to mitigate any possible impact : Specialists 
i deck heating He caid:“Theairccet : unload a C-2A(R) 
: of deck heating. He said:“The aircra ' Greyhound 
: taxis around the flight deck just fine. : assigned to 
: We modulate the nacelles to generate ; Fleet Logistics 
Y ir : Combat Support 
| forward motion, that's different to other : squadron 
: aircraft which must apply power to taxi : (WRC-30) onthe 
: forward. In some scenarios, just like other : flight es of das 
» | : aircraft carrier 
: Carrier-based aircraft, the CMV-22B will : USS John C Stennis 
: behooked up toatowbarfor precise cae 74).US 
oer .._: Navy/Mass 
‘eye a,41ale Am Mal=w-ll cel c-lamr-] em ce)(emele\iVanelelica Communication 
: nicely, if its required to shut down and wees elael-|[Masiceh@less 
aun ofo) milo’ ]4-4nie)m (e)alem ey-elereaeymelnal=y ; Will Tyndall 
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“A CMV-22B will conduct a rolling short 
take-off [STO] from a spot forward of the 
arresting gear, with the nacelles angled 
forward to allow for a heavier gross weight 3 
take-off essential for a logistics aircraft. 
With wind over the deck and the aircraft 
in STO configuration, the CMV-22B will 
be able to take-off safely in operating 
envelopes up to maximum gross weight. 
This provides a significant advantage over 
vertical take-offs [VTO], and significantly 
reduces rotor wash on the deck.” 

Because of the rotor wash and wing-tip 
vortices generated, how will these physical : 
effects deem which deck position the 3 
CMV-22B launches from, such as afterdeck 
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spots only, and not positions upwind of _: Sree SS = a : SSS. Sa eaie 
| 5 . “¥ =e Snes : ae —_ lc hes" R " sqeeee at 9 Ei r 
any unsecured area: | Re eoaee : =r ne ae eae se: a . Rate ce ee 
Captain Chaney explained that the ; Meigen er RE ia SoM 5 sc japhcae - Ete 
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entire landing area of an aircraft carrieris : [Pe i. ok oe ne AER, a rasa f 
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a secured area during flight operations: 


“Access Is strictly controlled by close 
coordination between the air boss 
[positioned in the tower] and the handler 


Above: Sailors ts to Fleet Logistics Multi-Mission Squ 


adron 30 (VRM-30) direct a CMV-22B r wate 


on the flight deck of the aircraft carrier USS Carl Vinson (CVN 70) on November 20, 2020. This was the 
first time a CMV-22B had landed on a carrier. US Navy/Mass Communication Specialist 3rd Class Aaron Smith 


[positioned in the flight deck control]. Below Left: he or she can see green lights on the hard-points located on the underside 
The aircraft will take-off or land inside the —— optical landing system. This procedure has : and side of the fuselage which are the 
confines of the landing area foul lines. approaches already been exercised during multiple attachment points for the hooks of the 
That being said, the primary departure the flight deck CVN at-sea periods, and has proven to be tie-down chains. Once the aircraft lands, 
position will be from an area just forward; Of the USS Car! the most efficient, safe, and expeditious the taxi director will pass directional 
of the arresting gear for a STO from the ae a a recovery of the V-22 with the other types control of the aircraft to the deck crew to 
angled deck” an November of aircraft in the carrier air wing. chock and chain the aircraft. Once that 
When landing, the CMV-22B will operate : 20,2020. US Captain Chaney said: “The ability of is complete, the pilot will be cleared to 
as a logistics aircraft at high gross weights. : Navy/Mass _ the tiltrotor aircraft to integrate with reduce engine rpm to place the aircraft 
While it has the capability to land and ene r fixed-wing operations, and also operate in an idle configuration. Another option 
take-off with sidestep procedures, this Aaron Smith at night, will give the CVN a new level of for longer on-deck periods will be to shut 
increases risk of downwash and limits the flexibility to adjust operations however down the main engines leaving only the 
aircraft gross weight capabilities within Below Right required to accomplish the mission?’ APU running. After loading is complete 
its operating envelope. Consequently, own s baaeae ed Given the minimal amount of time and the aircraft is ready to depart, flight 
the CMV-22B will operate as a fixed- lands on the to be spent on deck by a CMV-22B, the deck control will clear the deck crew to 
wing aircraft for recoveries, entering the flight deck of writer asked what were the tie-down remove the chocks and chains. At that 
standard pattern and fly normal fixed wane requirements, and the process for point, the pilot will receive clearance to 
wing VFR/IFR recovery procedures at the (CVN 70) ay removing the tie downs? increase engine rpm to bring all systems 
carrier. This will culminate in an approach November The answer was less complicated than up for flight. 
and no-hover landing up the stern of 20, 2020. US expected. For short turn-arounds, the a 
the ship, lined up with the landing area NYE NISS aircraft will use the normal tie down F | C CL ACTIVITY 


centreline so the pilot can call the ball, 
the slang term used by the pilot when 


Communication 
Specialist 3rd Class 
Aaron Smith 
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chains and chocks required for all ship- 
board aircraft. The CMV-22B has several 


Away from the flight test activity 
underway at Patuxent River, Fleet 











F 





Logistics Multi-Mission Wing (VRMWING) 
is established at Naval Air Station North 
Island, California as the type wing 
responsible for manning, training, and 
equipment for all the eventual CMV-22B 
operational and training squadrons. 

Fleet Logistics Multi-Mission Squadron 
30 (VRM-30) ‘Titans’ is established at 
North Island, to be followed by VRM-50 
the Fleet Replacement Squadron, then a 
forward deployed detachment overseas 
dubbed VRM-30 FDNF, and finally a 
second operational squadron, VRM-40 
based at Naval Station Norfolk, Virginia. 

Despite the challenges presented during 
the COVID-19 pandemic, the Bell-Boeing 
teams in Amarillo and Philadelphia 
delivered the first fleet aircraft, CMV-22B 
BuNo 169437, to VRM-30 on-time on 
June 22, 2020. 


Tilt-Rotor Aircraft Commanders or NTACs) 
and 17 enlisted aircrew (crew chiefs) 
undertook or are undertaking transition 
training to the CMV-22B. Specifically, 
training is provided by Marine Medium 
Tiltrotor Training Squadron 204 (VMMT- 
204) based at Marine Corps Air Station 
New River, North Carolina. Part of the 
course is dedicated to the introduction of 
air delivery cargo procedures. 

Other Marine Corps Osprey units are also 
training navy crews. 

The Navy's own training squadron, 
VRM-50 was established at North Island 
in October 2020 and is due to begin 
a phased take-over of Navy aircrew 
training from VMMT-204 between FY2022 
and FY2024. 

In the medium and long-term, it 
is essential for the US Navy to have 


7 Communication 
: Specialist Seaman 
: Jeffrey Kempton 


: Right: Easy 

: does it! Little 

: room around 

: an F-35C power 
: module during 
An initial cadre of 11 pilots (dubbed Navy : the flight deck 

: loading process 
: into a CMV- 

: 22B Osprey. 

: US Navy/Mass 

= Communication 

: Specialist Seaman 
: Jeffrey Kempton 


: Right: The snug 
: fit of an F-35C 
: Lightning II 

: power module 
: during loading 
: into CMV-22B 
: Osprey BuNo 
: 169442 onthe 
: flight deck of 
: the USS Carl : 
: Vinson (CVN70). : | 
: US Navy/Mass 
: Communication 
: Specialist Seaman 
: Jeffrey Kempton 


3 following a specific fleet training model. 

7 As with all US Navy type-model-series 

: aircraft and helicopters, the Naval Air 

3 Warfare Development Command will 

2 be involved with developing tactics, 

7 techniques, and procedures for CMV-22B 

3 mission sets. 

3 That's the plan, but what about the 

} requirements that VRM-30 had to achieve 
3 to accomplish an initial operational 

3 capability (IOC) declaration in 2021? As 

7 mentioned earlier, the V-22 was already 

3 proven as a viable platform aboard 

3 various Classes of ships, consequently 

| VX-1, supported by VRM-30, tested the 
differences between the CMV-22B and the 
3 data already held about the MV-22. 

: For its first deployment (with CVW-2), 

: VRM-30 was only required to deploy one 

3 detachment in support of theatre security 





3 operations, a requirement that can mostly 


: Above: Sailors =: its own CMV-22B training squadron : be filled by the existing MV-22 capability. 


oe ns : simply because its V-22 mission is very  : Full operational capability, anticipated 

3 eeniie a : different to how the US Marine Corps 3 around FY2023, will require the CMV-22B 
: (VFA-147) : employs the aircraft. Unsurprisingly, : to demonstrate some of its unique range 
: pene 7 : US Navy training will focus on carrier : and force integration capabilities, and the 
3 a : strike group logistics, and long-range 3 ability to support combat operations. 

: onto CMV-22B —_: missions in support of aircraft carriers — 

: Osprey BuNo 

| 1694420nthe : fi Py 

: flight deck of 

: the USS Carl 

: Vinson (CVN 70) 

: on February 

: 11,2021. US 

: Navy/Mass 
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Above: CMV- 
22B Osprey 
BuNo 169442 
taxis on the 
flight deck of 
USS Carl Vinson 
(CVN 70) loaded 
with an F-35C 
power module 
on February 
11, 2021. US 
Navy/Mass 
Communication 
Specialist Seaman 
Jeffrey Kempton 
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VRM-30 did work with a carrier 


3 throughout that period to ensure the 
3 entire team (elements of the ship's 

3 company and the flight deck crew) 

3 was ready to operate in and around 

: the CMV-22B. 


On November 20, 2020, a CMV-22B 


? Osprey, assigned to Fleet Logistics Multi- 

3 Mission Squadron 30 (VRM-30), landed 

7 aboard carrier USS Carl Vinson (CVN 70) for 
: the first time. 


On February 10, 2021, sailors assigned 


: to the Carl Vinson and Carrier Air Wing 

3 2 conducted flight operations with the 

7 CMV-22B Osprey assigned to VRM-30 

3 conducting routine maritime operations. 


During the period at sea in February, 


7 VRM-30 conducted a medical inspection 
3 inside a CMV-22B on the flight deck of 

: the Carl Vinson. The ‘Titans’ subsequently 
3 conducted the first-ever medevac drill with : 
3 a CMV-22B on February 22, 2021. Medevac 3 
3 operations and exercises have been flown 

7 over land with Ospreys before, but this was 
3 the first medevac exercise of a CMV-22B on 
3 an aircraft carrier. According to the USS Carl 7 
3 Vinson spokesperson, medevacs ensure 

3 fast and efficient movement of patients 

3 while also enabling medical personnel to 
simultaneously care for patients on route, 
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: when seconds can make all the difference 
3 in a patient's condition while transporting 
, them from sea to shore for additional 

3 medical assistance. 


During the evolution, a simulated 


; patient was transported by the ship's 

: medical team to a CMV-22B Osprey 

? to train for the mission and further 

3 determine how the aircraft affords a 

3 medical team additional options to care 
3 for patients. 


Carrier Air Wing 2's aerospace 


7 physician’s assistant, Lt Damico Hill 

; said the Osprey can transport more 

3 patients at one time, an advantage 

; over helicopters if the ship should ever 
3 encounter multiple patients who need 
: simultaneous evacuation. He described 
3 the CMV-22 as “a huge game-changer 

3 which will allow for better transport of 


patients if there is a mass casualty.’ 
The next carrier to deploy with the 


| F-35C and CMV-22B combo is expected 
: to be the USS Abraham Lincoln (CVN 72). 
: On July 19, a detachment from VRM-30 


operating on the Linco/n conducted 


7 a casualty evacuation (CASEVAC) 

; involving the transfer of two patients 
to the Naval Medical Readiness and 

3 Training Center at Camp Pendleton 





: while conducting operations at sea: 
: the CMV-22B's first successful ship to a 
: shore-based hospital evacuation. 


July 19's mission demonstrated the 


: unique CASEVAC capabilities of the 

7 Osprey including the ability to travel faster 
3 and farther than traditional transportation 
3 in helicopters or COD aircraft. The CMV- 

: 22 flew 118 miles in 18 minutes while 

3 keeping the simulated patient in a stable 

| condition. Lieutenant Dana Flieger, 

? Abraham Lincoln’s ship nurse said: “The 

3 cabin configuration of the Osprey is ideal 

7 for patient transport due its size. It makes 

3 for a simple and easy setup’ 


Hospital Corpsman 2nd Class Jessica 


7 Woods, a search and rescue medical 

3 technician assigned to MH-60S- 

3 equipped Helicopter Sea Combat 

3 Squadron 14 (HSC-14), provided 

3 simulated treatment for the patient 

3 prior to and during the evacuation. 

; Acknowledging the mission’s success 

3 and the unique capabilities the Osprey 
2 provided, she said:“The ability to 

3 launch, without catapult assistance, 

3 like a helicopter but fly fast like a plane 
: brings a unique and valued capability 

: to the fleet in terms of fast and 

: efficient care” 
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Mark Ayton provides an overview of Naval Air Systems 
Command’s fixed wing tactical aircraft test squadron 
VX-23. He also examines its current programmes 
associated with the EA-18G Growler, F/A-18 Super 
Hornet, and the F-35 Lightning II. 
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IKE THE US Naval Test Pilot 
School, Air Test and Evaluation 
Squadron 23 (VX-23) has a 
waterside location on board 
Naval Air Station Patuxent 
River in Maryland. 





According to its mission statement, 
VX-23 is Naval Air Systems Command's 
(NAVAIR's) largest flight test organisation. 
Its mission is to support the research, 
development, test, and evaluation of 
fixed wing tactical aircraft by providing 
aircraft and pilots, maintenance services, 
Safety oversight and facility support to 
those efforts. Primary areas of support 
include flying qualities and performance 
evaluations, shipboard suitability, 
propulsion system testing, tactical 
aircraft mission system testing, ordnance 


compatibility and ballistic efforts, reliability 


: and maintainability assessments, flight 
: fidelity simulation and flight control 
: software development. 


VX-23 also provides US government 


3 flight representatives, test monitoring, 

: chase aircraft support, and facilities for 

3 contractor demonstration, validation 

: and development work involving tactical 
3 aircraft and associated systems. 


Its workforce - officers (US Navy, US 


7 Marine Corps, and foreign nationals), 

7 enlisted (US Navy and US Marine Corps), 

3 civilians and contractors - supports aircraft 
7 maintenance, test planning and conduct, 

: safety oversight and support of the 

: squadron's F/A-18 Hornet, F/A-18 Super 

7 Hornet, EA-18G Growler, T-45C Goshawk, 

3 and F-35 Lightning II aircraft. 


During each fiscal year, VX-23 conducts 


more than 3,000 flight operations, totalling | 


: Below: F-35C test : 
: aircraft CF-03 

: onthe TC-7 

: catapult with an 
: asymmetricload : 
: of GBU-38and_ : 
: GBU-54 JDAMs 
: prior to cats and 
: traps testing on 
: March 31, 2021. 


US Navy/Dane 


: Wiedmann 


; approximately 4,400 flight hours, much 
: of which involves high-risk flight test. 
: VX-23 conducts operations, both shore 


based and shipboard, locally at Naval Air 


: Station Patuxent River and operates and 
: maintains the TC-7 catapult and MK-7 
: arresting gear test sites. 


VX-23 comprises multiple departments, 


3 each responsible for a specific aircraft 
3 type, sub-system, weapon, or flight 

: activity. Each department undertakes 
3 testing for NAVAIR’s weapon system 

3 programme officers. 


In addition to active-duty military 


: pilots, and Naval Fight Officers, a team of 

3 government engineers, analysts and flight 
3 test engineers work hundreds of man 

3 hours to prepare, plan and execute each 

3 test event, some of which can last for as 

: little as 20 minutes. After completion of 
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any test, follow-on work includes data 
analysis, assessment, categorisation of 
any deficiencies, and report writing. Each 
report must document the squadron's 
test results and conclusions in a manner 
that’s appropriate for all individuals 
involved with government procurement 
and fielding decisions. 


F/A-18 Super Hornet 


Despite the high degree of commonality 
between the F/A-18 Super Hornet 

and the EA-18G Growler, VX-23 has an 
independent department for each which 
work together for weapons and systems 


Below: 

: F-35B BF-05 

: on the forward 

: elevator of the 

: Italian aircraft 

: carrier ITS 

: Cavour heading 
: to the forward 

: hangar for 

: fuelling and de- 
: fuelling tests. 

: US Navy/Dane 

: Wieamann 
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: integrated on the Growler, especially the 
: Next Generation Jammer. 


The F/A-18 department continues 


: its long-standing developmental test 

| role of system configuration set (SCS) 

3 software. At any point in time the 

3 department has oversight of an SCS 

3 that’s under developmental test (DT), 

7 one that’s at a mature phase of its DT, 

; and one at the initial requirements stage. 
: Currently the three H-series SCS with 

: VX-23 are additional builds of H14 each 
| with specific capabilities; H16 in flight 

7 testing; and working and developing 

7 requirements for H18. 





VX-23 works regularly with its sister 


squadron, VX-31 based at Naval Air 
: Weapons Station China Lake, California, 
: which conducts extensive SCS testing. 


In parallel, VX-23 also evaluates the 


: interoperability aspects of the SCS with 

7 all aircraft types in carrier air wings and 

those flown by the US Marine Corps and 
3 US Air Force. 


Weapons testing is shared between 


3 VX-23 and VX-31. All live missile shots 

3 and weapon releases are undertaken on 
7 ranges in California and over the Pacific 
7 Ocean. Back at Pax River, VX-23 tends to 
7 focus on the flight science portion of a 

3 weapon's test programme. 


Northrop Grumman’s AGM-88G 


| Advanced Anti-Radiation Guided 

| Missile — Extended Range (AARGM- 

| ER) is a current weapons integration 

3 programme underway with VX-23 

3 and VX-31. Tests are set-up to enable 

3 validation of the weapon's functionality - 
3 launch and targeting. 


Explaining, VX-23’s commander, 


: Captain Elizabeth Somerville said: “We 

3 need to ensure the weapon comes off 

7 the aircraft cleanly; it will neither impact 
| the aircraft or any adjacent stores. 


“Another part of weapons integration 


: work at VX-23 is carrier suitability 

3 testing. Does the weapon have any issue 
| with the loads from flying throughout 

3 the tactical profile, noise, vibrations, and 
: flutter, and is the weapon able to survive 





in a deployed environment on board an 
aircraft carrier. We load the weapon on 
the aircraft and use a test profile with 
multiple catapult shots and multiple 
arrested landings using the TC-7 


“We use an instrumented aircraft and 
an instrumented weapon to ensure 
all the imposed loads are within the 
tolerable levels and that the weapon or 
the system continues to function. Can 
we still turn it on, to make sure it passes 
all its built-in tests? Whatever validated 
functionality works on the ground 
or when airborne with the weapon 
attached to the aircraft, does that still 
function after multiple cats and traps?” 

At the time of writing, VX-23 was 
expecting to conduct a similar cats and 
traps test programme with the Next 
Generation Jammer. 


Block Ill Super Hornet 
The first Block Ill F/A-18 Super Hornet 
jets arrived at VX-23 in June 2020 -a 
single-seat F/A-18E (E323) anda 
two-seat F/A-18F (F287). As of August 
2021, both aircraft are flying with VX-31 
at China Lake conducting software 
functionality and networking test 
programmes. 

Aircraft E323 and F287 are the first 
two. Subsequent production aircraft are 


expected off the Boeing production line ; 
in September and will continue at arate : 


: Above: 

: VX-23 test 

: pilot Dan Levin 
: releases a GBU- 
: 53 test article 

: from F-35B 

: BF-03 during 
catapult and MK-7 arresting gear facility. : 
: separation test 
: on May 27, 

: 2021. US Navy/ 

= Dane Wiedmann 


a weapon 


of approximately two per month until 
: contract completion in early FY2025. 


As more Block III jets come off the 


: production line, they will deliver 
to VX squadrons to complete the 
developmental and operational 

3 test phases. 


In March 2019, NAVAIR awarded 


Before any deployment takes place, 


: PMA-265's initial goal is to complete 

a transition from flight testing to fleet 
operations sometime in Q2 or Q3 
FY2022, allowing the first squadron a 

: minimum nine-month work-up period. 


Because the Super Hornet is a 


mature airframe the Block III does not 
: necessitate an extensive flight test 

: programme. Most of the changes are 
internal so the set of test points is less 
extensive. 


Lieutenant Commander Jonathon 


Malycke is a test pilot assigned to VX-23 
: with experience of test flying the Block 
: Ill aircraft. 
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Describing the Block Ill, Lt Cdr 


Malycke said the cockpit is completely 
touchscreen and completely colour, 
like using a big tablet. He said:“The 
pilot vehicle interface makes life as easy 
as possible for the aircrew to use the 
aircraft’s sensors and weapons. Data 

: throughput on the aircraft is much 
Boeing a US$4bn multiyear procurement 
contract enabling the US Navy to order 
a minimum of 24 Block Ill jets each year 
through FY2021. According to PMA- 

: 265, the first deployment of a Block 
IIl-equipped squadron is anticipated in 

2 mid-2023, with a plan to have two Block 
IIl-equipped squadrons (comprising 
new production Block Ills and upgraded 
Block Ils to SLMP configuration) in each 
: carrier air wing by 2027. 


higher to deal with the networking 


: requirements. Compared to an original 

: Block Il, it’s like dial up to broadband. A 
data fusion computer fuses and presents 
the most relevant information pertinent 
to your mission and what you need to 
know about threats and targets in one 
place. Aircrew can pick out exactly what 
they need and use the information as 

: quickly and as effectively as possible.’ 


According to Lt Cdr Malycke, the 


Block Ill’s sensor fusion computer is 

3 a much more robust computer than 
the equivalent on a Block Il. The Block 
Ill fusion computer can handle the 
massive amounts of data received from 
the advanced data links and its suite of 
sensors and is able to fuse and place the 
information on the LAD. 


During one of the first phases of 


developmental testing at Pax River, Lt Cdr 
Malycke put the Block III through its paces, 
going as fast as possible, pulling as many 

: Gs as possible to make sure the vibrations 
were not going to break the large area 
display (LAD) and the new head-up 
display (HUD) and were compatible 
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with all manoeuvres within the aircraft's 
envelope. Other missions involved 
shooting the gun to check the vibration 
generated did not affect or break either 
the LAD or HUD. 

Discussing the LAD, Lt Cdr Malycke 
said: “With a LAD in the front cockpit, | 
can set up a specific scenario with the 
LAD using the sensors, while the weapon 
system operator in the aft cockpit can 
concurrently conduct different roles set up 
on the aft cockpit’s LAD. 

“We can display a large map on the 8x10 
screen, upon which all air contacts, and all 
sensor inputs can be displayed. On Block II 


aircraft the pilot has a 5x5in screen though 3 
: to be fixed ahead of Block Ill aircraft being 
: assigned to the first fleet squadron. 


the weapon systems operator has an 8x10 
screen. But generally, the pilot had to 
guess what the weapon system operator 
is looking at. On the Block Ill, both the 
front and aft cockpits have the exact 
same display’ 

A shake, rattle, and roll (carrier suitability) 
programme followed. Using the TC-7 
catapult and MK-7 arresting gear facility 
at Pax, Lt Cdr Malycke flew multiple worst 
case catapult launches (cats) and arrested 
landings (traps) to make sure the LAD 
and the HUD remained intact, in place 
and worked properly before and after 
cats and traps. All operating requirements 
were proven. 


In August, Lt Cdr Malycke deployed 





to Point Mugu, California to participate 


in a large NAVAIR test exercise in which 


: the two Block Ills used the networking 
: systems and sensor fusion with Block II 
: Super Hornets to make sure the Block III 


systems are compatible with the Block Ils 


: and all the types of aircraft in the air wing. 
: Block I Super Hornets, EA-18G Growlers 

and E-2D Hawkeyes and other types | 
: conducted relevant air-to-air missions with : 
: the Block Ills at the heart of each mission. 
| These were fleet-representative missions 
3 designed to verify that the Block III, flown 


by test pilots, is compatible with the other 
types. Any anomalies found will have time 


Lt Cdr Malycke explained that all the 
Block Ils involved were instrumented 


3 to collect data between other Super 


Hornets and Growlers and the sensors 


7 involved. Engineers used the data to 

3 validate the Block Ill’s connectivity. 

: Operating with H16 software, fixes to any 
: issues will be included in the follow- 

3 on H18 SCS. 


One interesting fact about H16 is 


7 its different versions. A Block Il has a 

: different version of H16 to a Block Ill, to 
7 use a Slang term, “each does different 

: stuff under the hood’ 


: Below: VX- 

: 23 F/A-18F 

: Super Hornet 
: BuNo 165932/ 
: §D122 releases 
: an AGM-158 

: LRASM test 
article from 

: Station 4 as 

: partofthe 

: missile’s weapon : 
: separation 
: programme 

: backin 

: November 2018. 
: US Navy/Erik 
Hildebranat 


In the cockpit, the two versions look 


: much the same, but the pilot's interaction 
3 is different. However, according to Lt Cdr 
7 Malycke aircrew can go from a Block II to 
: a Block Ill easily. 


H18 will facilitate the AGM-88G 


7 Advanced Anti-Radiation Guided Missile 

: _ Extended Range (AARGM-ER) and more 
: incremental upgrades and improvements 
7 to the aircraft’s networking and 
infrastructure capabilities. 


PMA-242, NAVAIR’s direct and time 


7 sensitive strike programme office, received 
: Milestone C approval for the AARGM-ER 

: missile on August 23, the green light for 

7 the missile to enter production. 


PMA-242 conducted the first AARGM-ER 


? live-fire in July to verify aircraft to missile 
: integration, rocket motor performance, 

: and to start modelling and simulation 

: validation. The programme will continue 
: C2 ptive and live fire testing through 

3 2022 with initial operational capability 

: declaration planned for 2023. 


F-35 Lightning I 


Another VX-23 department is the 


: F-35 Integrated Test Force which has 

7 completed all developmental testing 

: for the F-35B and F-35C since the first 

: aircraft arrived at the Maryland base on 
: November 13, 2009. 





One of the largest test programmes 
recently undertaken were sea trials 
of the F-35B onboard the Italian Navy 
aircraft carrier ITS Cavour (C 550). 
Captain Somerville said the sea 
trials were required to test the F-35B’s 
compatibility with the carrier and 
to certify the jet to operate on the 
Cavour. She said:“We embarked a large 
detachment of engineers, maintainers, 
aircrew, support personnel, analysts 
onto the Cavour for a lengthy period to 
execute all of the flight tests. F-35Bs BF- 
05 and BF-19 were flown out to the ship 
and operated from the ship throughout 
the period without returning to Pax." 
VX-23 has years of test work ahead, 
not just for the US Marine Corps and 
US Navy, but also for other nations 
flying or that will be flying the F-35B, 


testing new weapons, a specific load-out | 


requested by the fleet, or advancement 
of the airframe and its mission 
systems software. 

Since the F-35 programme completed 
the System Development and 
Demonstration in the spring of 2018, 
the F-35 Integrated Test Force (ITF) has 
focussed on development and testing 
of the aircraft's Block 4 capability to 
increase its combat effectiveness. Much 
of the combat has focussed primarily on 
the integration of more air-to-surface 
weapons. VX-23’s F-35 ITF is currently 
conducting weapon environmental, 
expansion, and integration testing for 
the GBU-53/B StormBreaker (previously 
referred to as the Small Diameter Bomb 
Il) for the F-35B, the 500Ib GBU-38 JDAM 
and the 500lb GBU-54 laser-guided 
JDAM for the F-35C. 

According to the ITF’s flight test 
director, US Marine Corps Lieutenant 
Colonel Jay Zarra, the ITF completed a 
series of GBU-53/B tests that evaluated 
the characteristics of the weapon's safe 
separation from the aircraft. Explaining, 
Zarra Said: “We're currently evaluating 
how the weapon interacts with the 
aircraft and its effectiveness. In parallel 
with flights, modelling and simulation 
forms a large part of the evaluation 
effort to determine if the weapon does 
what it is designed to do, and thereby 
generate increased confidence in the 
weapon. Testing the GBU-53 is complex 
and takes much longer to execute.” 

The GBU-53/B glide-bomb is a current 
priority for the US Marine Corps given 
its stand-off, day-night, all-weather and 
moving target capabilities, which make 
it a suitable weapon for striking targets 


3 located in contested environments 
: where stand-off capability is key. 
Discussing the two JDAM programmes, : 
: Operations 

: aboard the 

: Italian aircraft 
: carrier ITS 

: Cavouron March : ,, a | 
7, 2021. US Navy/ | the sole role tasked to VX-23, the squadron 
: Dane Wiedmann 


3 Lieutenant Colonel Zarra said the ITF 

, had recently completed cats and traps 

3 with the GBU-38 and GBU-54 munitions 
7 on the F-35C as part of a weapons 

: integration effort. 

: Because the GBU-38 and the GBU-54 are: 
3 smaller weapons, they enable an F-35C 3 
3 to carry more of them in a single weapon 
, payload. That's an important capability 

7 for the now-deployed F-35C. Though 

: the two weapons were not certified in 

, time for the inaugural deployment of the 
3 F-35C in early August, the two 500-pound 
3 munitions are likely to be ready for 

3 subsequent F-35C deployments. 


According to Andrew Maack, chief test 


7 engineer and site director, the F-35 ITF will : 
: use Pax River's chamber facilities more and : 
: more for the Block 4 development. 


Retired F-35B test aircraft BF-04 is now 


3 being used by the ITF as a dedicated 
: ground asset. More specifically the jet is 
: used for multiple aspects of testing and 


Above: VX-23 
: F-35Bs BF-05 
and BF-19 


during night 


UNITED STATES NAVY AND MARINE CORPS YEARBOOK 2021 





: assists the test team with scoping and 
: determining areas of focus for open air 
: flight testing. 


Future Programmes 


: Testing the latest types of fighters is not 


: is also involved in the US Navy's MQ-25A 
3 Stingray unmanned tanker. In what is set 
3 to be a major test programme, VX-23 will 
7 undertake the task in conjunction with Air 
3 Test and Evaluation Squadron 24 (UX-24), 
| Naval Test Wing Atlantic's unmanned test 
7 squadron based at nearby Webster Field. 


Captain Somerville said in the medium 


7 term VX-23 will be standing up with 

| MQ-25 air vehicles that will be flown and 
3 operated from Pax River throughout 

| its flight test programme and carrier 

2 suitability tests. Some flight tests have 

3 already been completed. A VX-23 crew 

, flew an F/A-18F Super Hornet in the 

3 first ever air refuelling mission with the 

: MQ-25 StingrayT1 on June 4, 2021 (see 

: the MQ-25 Stingray feature elsewhere in 
: this edition). =< 


ORDERS OF BATTLE 


Tom Kaminski provides an order 
of battle of United States Marine 
Corps Aviation featuring details 
of the units, 
bases and 
aircraft. 











Command/ Location Aircraft 
— 





Deputy Commandant for Aviation [DC(A)] - Arlington, Virginia 


as 1 Nighthawks (see Note 1) MCAF Quantico, Virginia (see Note 2) VH-60N, UH-60N, MV-22B, 
VH-3D, UH-3D, VH-92A 


JB Anacostia-Bolling, Washington D.C. _| VH-3D Se, 





VMX-1 Flying Lions (see Note 3) | MCAS Yuma, Arizona AH-1Z, UH-1Y, MV-22B, 





RQ-21A, MQ-9A, CQ-24A 


—— Edwards AFB, California F-358 nl 
Sikorsky Dev. Fit Center, Jupiter, Florida _| CH-53K a 


Notes 

1 Presidential mission is under the operational control of the White House Military Office. Test & Evaluation mission is under the operational control of Commander, Operational Test & 
Evaluation Force (COMOPTEVFOR) via the Aviation Warfare Division at Naval Station Norfolk, Virginia. 

2 MCAF is assigned to Marine Corps Installations East (MCIEAST). 

3 VMX-1 is under the administrative control of the Deputy Commandant for Aviation, but operational control is assigned to COMOPTEVFOR’s Aviation Warfare Division. VMX-1 Det. 
Edwards F-35Bs will relocate to MCAS Yuma, Arizona, in Fiscal Year 2020. 

4\V/H-92A is expected to achieve IOC with HMX-1 in 2021. 


Command/ Location Nice evar Tail 


eTeTELel veya) ole (=) 
Commander, Marine Corps Installations, East (MCIEAST) - MCB Camp Lejeune, North Carolina 


VMR Det. Cherry Point MCAS Cherry Point, North Carolina UC-35D (5C) 
VMR Det. Beaufort Swamp Foxes MCAS Beaufort, South Carolina UC-12M 
VMR Det. New River | MCAS New River, North Carolina UC-12F/W 
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lI Wes EXPEDITIONARY FORCE (II MEF) - MCB CAMP LEJEUNE, NORTH 





CAROLINA 


2d Marine Aircraft Wing (2d MAW) - MCAS Cherry Point, North Carolina 





| Command/ | eles ale) a) - Aircraft Tail 
| Squadron oT [= 


Marine Aircraft Group Fourteen (MAG-14) - MCAS Cherry Point, North Carolina 


| MALS-14 Dragon Pride | MCAS Cherry Point, North Carolina (No aircraft assigned) 3—————— 


VMAT-203 (FRS) Hawks MCAS Cherry Point, North Carolina AV-8B, TAV-8B 


| VMA-223 Bulldogs MCAS Cherry Point, North Carolina AV-8B, AV-8B+ 


VMA-231 Ace of Spades MCAS Cherry Point, North Carolina AV-8B, AV-8B+ Bo 


AV-8B, AV-8B+ WHO 

\VMGR2520tis_ | MCAS Cherry Point, North Carolina 

| VMU-2 Night Owls MCAS Cherry Point, North Carolina oe a | 
VMUTD (FRO) RAS 

Marine Aircraft Group T Two Six <(MAG- 26) - MCAS New River, North Carolina (see Note 1) 

MCAS New River, North Carolina 

VMMT-204 (FRS) Raptors MCAS New River, North Carolina 

| VMM-162 Golden Eagles MCAS New River, North Carolina 

| VMM-261 Raging Bulls | MCAS New River, North Carolina 

| VMM-263 Thunder Chickens MCAS New River, North Carolina 

| VMM-264 Black Knights | MCAS New River, North Carolina 

VMM-266 Fighting Griffins MCAS New River, North Carolina 
































| VMM-365 Blue Knights MCAS New River, North Carolina 
Marine Aircraft Group Two Six (MAG-26) - MCAS New River, North Carolina (see Note 1) 


|MALS-29Wolverines MCAS New River, North Carolina (No aircraft ee es 
| HMLA-167 Warriors | MCAS New River, North Carolina ————————————— SSS 
HMHT-302 (FRS) Phoenix | MCAS New River, North Carolina Kx... 
MCAS New River, North Carolina Cs 
stra renhoe MCAS New River, North Carolina eo 
MCAS New River, North Carolina 
Marine Aircraft Group Three One fai 31)- MCAS Beaufort, South Carolina (see Note 2) 
(No aircraft assigned) ji 
Fike 


"VMFA(AW)- -224 — | MCAS a South Carolina F/A-18D 


VMFA-312 Checkerboards MCAS Beaufort, South Carolina —_—| F/A-18C oo 
| VMFA(AW)-533 Hawks | MCAS Beaufort, South Carolina F/A-18D 2 —————————E 


VMFAT-501 (FRS) Warlords MCAS Beaufort, South Carolina F35B 00 2 22 
VMFAT-502 (FRS) Nightmares (see Note | MCAS Beaufort, South Carolina F-35B 
|3) 

Notes 

1 VMM-212 will be activated under MAG-26 in Fiscal Year 2022. 

2 VMFA-251 was deactivated on April 30, 2020 to be reactivated with F-35C at MCAS Cherry Point. 

3 VMA-513 was reactivated and redesignated as VMFAT-502 on June 26, 2020. 








































peta ty ana MARINE FORCE PACIFIC (MARFORPAC) -MCB CAMP H.M. SMITH, 


Command/ | Location | \inde-\it | Tail 
wYelUELel vel! ole =) 





Commander, Marine Corps Installations, West (MCIWEST) - MCB Camp Pendleton, California 


'VMR Det. Miramar [MCAS Miramar, Califomia “UC-12W, UC-35D ST 
| VMR Det. Yuma MCAS Yuma, Arizona UC=1 25 


H&HS | MCAS Camp Pendleton, California UC-12W | | 


Commander, Marine Corps Installations, Pacific - MCB Camp H.M. Smith, Oahu, Hawai 


‘VMR Det. Kaneohe ‘MCB Hawaii/MCAS Kaneohe Bay, | C-20G ot 
ry 


VMR Det. lwakuni | MCAS Iwakuni, Japan UC-12W (5G) 
VMR Det. Futenma MCAS Futenma, Japan | UC-12W, UC-35D (5F) 
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* Denotes UDP units 


ORDERS OF BATTLE 


li! MARINE EXPEDITIONARY FORCE (III MEF) - MCB CAMP COURTNEY, OKINAWA, 


JAPAN 





1st Marine Aircraft Wing (1st MAW) - MCB Camp Foster, Okinawa, Japan 


Command/ Location Vice e-yal Tail 
Squadron Code 


Marine Aircraft Group Twelve (MAG-12) - MCAS Iwakuni, Honshu, Japan 


/MALS-12 Marauders MCAS Iwakuni, Japan (No aircraft assigned) = 
| VMFA-121 Green Knights MCAS Iwakuni, Japan | F-35B 
VMFA-242 Bats (see Note 1) MCAS Iwakuni, Japan F-35B a 


VMFA-232* (see Note 2) _| MCAS sie Japan — | F/A-18C/D WE 


VMGR-152 The Sumos MCASIwakuni Japan KCB OD 
Marine Aircraft cease Three Six (MAG- ae MCAS ae Okinawa, Japan 
2 MALS-36BladeRunner | MCAS Futenma,Japan | (Noaircraftassigned) | 
VMM-262FlyingTigers | MCASFutenmaJapan | MV-22B8 0 
\VMM-265 Dragons | MCAS Futenma,Japan | MV-22B EP 
HMH-462*(seeNote3) | MCAStwakuniJapan | CHSBE 
Marine Aircraft Group Two Four (MAG-24) - MCB Hawaii/MCAF Kaneohe Bay, Hawaii 
(No aircraft assigned) 
_HMLA-367 Scarface MCAS Kaneohe Bay Hawaii |urayawaz 
HMH-463 Pegasus (see Note 4) |MCAS Kaneohe Bay, Hawaii CH53E A 
VMIM-268 Red Dragons (see Note 4) _| MCAS Kaneohe Bay,Hawaii = |MV-2280 YQ 
VMM-363RedLions | MCASKaneoheBay,Hawali =| MV-22B0 YQ 
VMU-3Phantoms | MCASKaneoheBay,Hawaii = ROTA 






















| MARINE EXPEDITIONARY FORCE (I MEF) - MCB CAMP PENDLETON, CALIFORNIA 


3d Marine Aircraft Wing (3d MAW) —- MCAS Miramar, California 





Command/ Location Vine e-yil Tail 
Squadron ole (=) 


: Marine il i Group Eleven —— Jl MCAS a California 
MALS-12 Marauders Fe 
VMFAT-101 (FRS) Sharpshooters 7 18C/D, T-34C SHO 
MCAS Miramar, California 
_VMFA-314 Black Knights (see Note 5) 
VMFA-323 Death Rattlers (see Note 6) 
MCAS Miramar, California 
Marine Aircraft Group Thirteen (MAG-13) - MCAS Yuma, Arizona (see Note 7) 
MCAS Yuma, Arizona | MCAS Yuma, Arizona | (Noaircraftassigned) 
MCAS Yuma, Arizona F35B 
FO 
MCAS Yuma, Arizona a 
A AUN 
MCAGCC Twentynine Palms, California | MCAGCC Twentynine Palms, California | RQ-21A, MQ-9A 
es 























Marine Aircraft pia Sixteen (MAG-16) - MCAS Miramar, California 


(No aircraft assigned) 

WieT61Gry Hawks MCAS Meals M225 YR 
VMM-165 White Knights 
VMM-362 Ugly Angels MCAS Miramar, California 
a 
HMH-465 Warhorses MCAS Miramar, California CH53E YJ 


HMH-466 Wolfpack | MCAS Miramar, California | CH-53E YK 


ABBREVIATIONS ass Air Force Base ANGB Air National Guard Base CVW Carrier Air Wing Dev. Fit. Development Flight Det. Detachment FRD Fleet Readiness Detachment FRS Fleet Readiness Squadron H&HS Headquarters & Headquarters Squadron HMH 
Marine Heavy Helicopter Squadron HMHT Marine Heavy Helicopter Training Squadron HMLA Marine Light Attack Helicopter Squadron HMLAT Marine Light Attack Helicopter Training Squadron HMX Marine Helicopter Squadron IOC Initial Operational Capability JB 
Joint Base, JRB Joint Reserve Base MAG Marine Aircraft Group MALS Marine Air Logistics Squadron MATSG Marine Aviation Training support Group MAW Marine Aircraft Wing MCAF Marine Corps Air Facility MCAGCC Marine Corps Air Ground Combat Center MCAS 
Marine Corps Air Station,;MCB Marine Corps Base NAF Naval Air Facility NAS Naval Air Station NS Naval Station,SAU Squadron Augmentation Unit SRU Search & Rescue Unit UDP Unit Deployment Program VMA Marine Attack Squadron ,WMAT Marine Attack Training 
Squadron VMAQ Marine Electronic Warfare Squadron VMFA Marine Strike Fighter Squadron VMFA(AW) Marine (All-Weather) Strike Fighter Squadron VMFAT Marine Strike Fighter Training Squadron, VMFT Marine Fighter Training Squadron VMGR Marine Transport 
Refueling Squadron VMM Marine Medium Tilt Rotor Squadron VMMT Marine Medium Tilt Rotor Training Squadron VMR Marine Transport Squadron VMU Marine Unmanned Aerial Vehicle Squadron VMUTD Marine Unmanned Aerial Vehicle Training Detachment VMX 
Marine Operational Test & Evaluation Squadron 
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Command/ Location Vice yal Tail 


Squadron ole (=) 
Marine Aircraft Group Three Nine oo MCAS — ee California 


| MALS-39 Magicians | MCAS Camp Pendleton, California rs 
MCAS Camp Pendleton, California 
a MCAS Camp Pendleton, California 
MCAS Camp Pendleton, California 
UH-IY, AH-IZ SS 
HMLAT-303 (FRS) Atlas 
[VMN 164 Knightriders MCAS amp Pendleton, Calfomia [M298 YT 
VMM-364PurpleFoxes | MCASCampPendleton,California =| MV-2280 PR 


Notes 

1 VMFA(AW)-242 was redesignated VMFA-242 on October 16, 2020. 

2 Squadron began UDP deployment in March 2021. 

3 Squadron began UDP deployment in May 2021. 

4 Squadron will be inactivated in Fiscal Year 2022. 

5 VMFA-314 achieved IOC with the F-35C on December 1, 2020. 

6 VMFA-323 began final F/A-18C CVW deployment in June 2020 and returned to Miramar on February 25, 2021. 

7 VMA-311 was deactivated on October 15, 2020. 

8 VMFA(AW)-225 final F/A-18D flight and Sunset ceremony conducted on January 23, 2020. The squadron became VMFA-225 during a re-designation and assumption of command 
ceremony at MCAS Yuma on February 3, 2021. 

















MARINE FORCES RESERVE (MARFORRES) - MARINE CORPS SUPPORT FACILITY 
(MCSF) NEW ORLEANS, ALGIERS, LOUISIANA 


Reet Rele-lafeya Aircraft Tail 
— Code 


Ath Marine Aircraft pi ~ MAW) — MCSF New Orleans, Algiers, Louisiana 


_VMR Det. Belle Chasse (see Note 1) | NASJRBNewOrleans,Louisiana == |UCT2W EZ 
Viet Andes “BAndrews-NAF Washington, Maryland |UC35D_—SSSSSCMS 
| Marine Aircraft Group Four One (MAG-41) - NAS JRB Forth Worth, Texas 

'MAG-41DetA | MCAS Camp Pendleton, California __|(Noaircraftassigned) 
| MALS-41(-) Desperados NASJRBFortWorth,Texas | (Noaircraftassigned) 
MCAS Miramar, California (Noaircraftassigned) 
| HMLA-775(-) Coyotes | MCAS Camp Pendleton, California 
VMFA-112 Cowboys 
| VMGR-234 Rangers | NAS JRB Fort Worth, Texas 
“VMIM-764 Moonlight "MCAS Miramar, California CS 
| | VMR- 1 Roadiunners (see Note 2) MCAS Cherry Point, Spots Carolina ee 
VMU-4(-) Evil Eyes MCAS Camp Pendleton, California = |RO-27A WR 
Marine Aviation Training Support Group Four Two (MASTG-42) - NAS Pensacola, Florida (see Note 3) 

MCAF Quantico, Virginia |(No aircraft assigned) Ss 
(No aircraft sedanad ee 
MCAS Cherry Point North Carolina | (Noaircraftassigned) | 
‘ViEATI01SAU [MCAS Mama Calfomia | Noaraftassgned) | 
\VMFAT-501SAU | MCAS Beaufort, South Carolina | (Noaircraftassigned) | 

Marine Aircraft Group Fi Four Nine ne JB cre Dare New Jersey 

= Det. A [JB McGuire-DixLakehurst, New Jersey |(Noaircraftassigned) | SSs—~—CSSCS 
a a CS a 
NASJRBNew Orleans,Louisiana _|(Noaircraftassigned) | 
| Chambers Field, NS Norfolk, Virginia r aire =a ————— 
C—O aan 
"HMH-772¢ ) Hustlers | JB McGuire- Dix Lakehurst, New Jersey CH53E00 ME 
HMLA-773(-) Red Dog | JB McGuire-Dix-Lakehurst, New Jersey AH-IZ,UH-1Y iG 
Es: SS rs 
'VMGR-4s2vankees [Stewart ANGB NewYork —————[x@ag0) fy 


Notes 

1 UC-35Cs were retired during May 2021. 

2 VMR-1 utilizes C-40A aircraft assigned to co-located VR-59. 

3 Personnel support training conducted by the Fleet Readiness Squadron or operational squadron. 
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MJ ORDERS OF BATTLE 


Tom Kaminski provides an order of battle of United States Naval Air 
Forces featuring details of the units, bases and aircraft. 


j 
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7 7 | a L | alll hs, 4 ze _ i 1 wil i L - | 7 wii? r 7 —_—_ 1 " q _— 4 i sm | ! | . J E | Fi | 


Wing/ Location Aircraft Tail 


















































eYelteLelgely Code 





Naval Postgraduate School - Monterey, California 


Dept of Meteorology Marina Municipal Airport, California UV-18A (MX) 


- = 


= _— i mel —_ . ’ — 1 4 1 i i al =z i ie j z 7 . ae j j j | 7 r - B: ha , 4 i r 4 j a q 
Fr i " j j " jj j r j J F 7 1 jj , F 4 7 . 
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Wing/ Location Aircraft 





Squadron 
Naval Research Laboratory —- Washington D.C. 


VXS-1 Warlocks NAS Patuxent River, Maryland NP-3C, RC-12M, UV-18A 


Notes 
1 ONR Reports to Secretary of the Navy. 














rate t Location Aircraft Tail 


wYeltrlel celal Gore (= 





Aviation Warfare Division — NS Norfolk, Virginia 


VX-1 Pioneers (see Note 1) NAS Patuxent River, Maryland MH-60R/S,E-2D,P-3C,P-8A,RO-4A |JA 
VX-9 Vampires (see Note 2) NAWS China Lake, California EA-18G, F/A-18C/D/E/F we 
VX-9 Det. Edwards, AFB, California | F-35C 


Notes 
1 VX-1 is under the ADCON of COMPATRECONGRULANT. 
2 VX-9 is under the ADCON of COMSTRIKFIGHTWINGPAC. 








|More \uleyn| \igde-\i' Tail 






eYoltrlel cela! Gore (= 


NS Guantanamo Bay, Cuba UC-12M BR 
VP-40 Det (Task Group 47.1) see Note 1) | CSL Comalapa AB, El Salvador oS 


Notes 
1 VP-40 began deployment in May 2021 
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COMMANDER, US NAVAL FORCES 


EUROPE, COMMANDER, US NAVAL FORCES, 
AFRICA (COMUSNAVEUR/COMUSNAVAF) - NSA NAPLES, ITALY 





Wing/ Location Aircraft Tail 





RYe ITE Yel cela Code 


AOD ———————_| NASSigonella, Italy C-26D a 
AOD NSA Capodichino AP Naples,italy | C-26D OO 
HSM-79 Det. NAS Rota, Spain MH-60R _ 


Commander, Task Force 63 (CTF 63) - Naples, Italy 


VRDet.(seeNote1) ——|NASSigonella,ttaly | CTBOT/ICAOA 
Commander, Task Force 67 (CTF 67) /Commander Fleet Air Sigonella - NAS Sigonella, Italy (see Note 2) 
— sss SSS 
NAS Sigonella, Italy 
a 
VUP-19Det.(SeeNoteS) | NSASoudaBayABGreece —MQ4C PE 
TekGoperd hsb a ee 
a a Sa 
| HSC-28 Det. 1 (see Note 1) | NSAC Capodichin AP, Italy 
TaskGroup67S\seeNote7) | NASROtaSpain 


Notes 

1 Supported by deployed Naval Reserve squadrons 

2 Dual-hat command. COMFLEETAIRSIG reports to COMNAVAIRLANT & COMFLTFORCOM 

3 VP-40 began deployment in May 2021. 

4 Operationally tasked by Commander Maritime Surveillance Reconnaissance Force Sixth Fleet/Commander Task Force 67 (COMMARSURVRECFORSIXTHFLT/CTF-67) 
5 When activated 

6 HSC-28 Det. 1 operates MH-60S from USS Mount Whitney (LCC 20) in support of Commander US Sixth Fleet. 




















COMMANDER, US NAVAL FORCES, CENTRAL COMMAND (COMUSNAVCENT) - 





NSA BAHRAIN, MANAMA 


| Wing/ Location Nigel gyi 





RYelUEYel cela 


Commander, Mine Countermeasures Squadron Five (MCMRON 5) / Commander, Task Force Five Two (CTF- — NSA Bahrain, Manama 


HM-15 Det.2__ anans Maeeeonan MH-53E 


Commander, Logistics Force Naval Forces Central (COMLOGFORNAVCENT) / Commander, Task Force Five Three cr. 53) - NSA Bahrain, Manama 


Aviation Detachment Bahrain IAP, Manama, Bahrain UC-12M 
VR-* Det. (see Note 1) | Bahrain IAP, Manama, Bahrain C-130T/C-AOA —— 
































-HSC-26 Det. 1 Desert Hawks (see Note 2) | Bahrain IAP, Manama, Bahrain 


Commander, Patrol & Reconnaissance Wing Five Seven (COMPATRECONWING FIVE SEVEN) / Commander Task Force Five Seven 
(CTF-57) — Sheikh Isa AB, Bahrain 


“Task Group 57.1 Bahrain IAP, Manama, Bahrain a | 
“VO-1 Det Bahrain IAP Manama Bahrain EP-3E So 

















Task Group 57.2 Sheikh Isa AB, Bahrain pF 
VP-4 Det. (see Note 3) | Sheikh Isa AB, Bahrain 


Notes 

1 Supported by deployed Naval Reserve squadrons 

2 HSC-26 Det. 1 operates MH-60S in support of Commander US Fifth Fleet. 
3 VP-4 began deployment in May 2021. 

7 When activated. 





PGE ele US PACIFIC FLEET (COMUSPACELT) - JB PEARL HARBOR-HICKAM, 


Wing/ Location Aircraft Tail 
wYelTE Yel cela Code 


‘Barking Sands PMRF Airport Hawall | RC/EC-26D a 


‘Commander, Naval Air veneuntranmeanalen Naval Air Force, Pacific (COMNAVAIRFOR/COMNAVAIRPAC) - 
NAS North Island, California 


‘0D. ~—~—~—~S*™:””__ | NAS Whidbey Island, Washington | MH-60S mG 
AOD Longhorns NAS Fallon, Nevada MH-60S 
AOD | NAS Lemoore, Cali MH-60S ee 
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ORDERS OF BATTLE 


Commander, Airborne Command & Control and Logistics Wing (COMACCLOGWING) - NB Ventura County Point Mugu, California (see Note 2) 


ACCLWS Det. NB Ventura County Point Mugu, (No aircraft assigned) 
California 

VAW-113 Black Eagles (see Note 3) NB Ventura County Point Mugu, 

a |California 

VAW-115 Liberty Bells NB Ventura Cou nty Point Mugu, 
California 

VAW-116 Sun Kings NB Ventura County Point Mugu, E-2C 
California 

VAW-117 Wallbangers NB Ventura County Point Mugu, E-2D NG 
California 


VAW-125 Tigertails MCAS Iwakuni, Japan 
VRC-30 Providers NAS North Island, California 
VRC-30 Det. 5 MCAS Iwakuni, Japan 


Commander, Airborne Command, Control Logistics Wing Detachment Sane DET) - Chambers Field, NS Norfolk, Virginia 


ACCLWS | Chambers Field, NSNorfolk, Virginia__| (Noaircraftassigned) 
VAW-120 (FRS) Greyhawks Chambers Field, NS Norfolk, Virginia E-2C/D,TE-2C,C-2A = =———“i«~*W AD 
VAW-121Bluetails | ChambersField, NSNorfolk, Virgina [E200 AG 
Chambers Field, NSNorfolkVirgin'a  [E2C A 
Chambers Field, NS Norfolk, Virginia 
Chambers Field, NS Norfolk, Virginia 
ChambersField, NSNorfolk Virginia = [C-2A 
Commander, Fleet Logistics Multi-Mission Wing (COMVMRWING) - NAS North Island, California 
VRM-50 Sun Hawks(seeNote5) | NASNorthlsland, California, | CMV-22B 0 
|. VMRWING VMMT Det 204 (see Note 6)_| MCASNewRiver, North Carolina |(MV-228) 


Commander, Electronic Attack Wing, Pacific (COMVAQWINGPAC) - NAS Whidbey Island, Washington (see Note 7) 
VAQ-129 (FRS) Vikings 
VAQ-131 Lancers (seeNote8) | NASWhidbeylsland, Washington |EA18G— NE 
VAQ-132 Scorpions (seeNote8) | NASWhidbeylslandWashington = |EA18G NE 
VAQ- 133 Wizards © | NAS Whidbey sand esa EAI8G NG 
VAQ-134Garudas(seeNote8) | NASWhidbeylsland, Washington = |EA18G NE 
VAQ-135 Black a (see = 8) NAS Whidbey SBE, Washington EA-I8G 0 NE 
—  ————— — 
NASWhidbey sland Washington (EA18G ABS 
NAS Whidbey Island, Washington 
eG 
Commander, Helicopter Maritime Strike Wing, Pacific (COMHELMARSTRIKEWINGPAC) — NAS North Island, California 
NAS North Island, California (Noaircraftassigned) | 
HSM-35Magicians [NAS Northisland,California, = |MH-OOR TG 
‘HSM-37 ee |MCASKaneoheBay Hawaii = |MH-6OR TH 
HSM-41(FRS) Seahawks | NASNorthiIsland,California | MHGOR TS 
NAS North sland, California MOOR TX 
NAS North Island, California 
Commander, Sa Sea Combat Wing, Pacific a ocean ae - NAS North Island, California 

HscwsP NAS Northisland, California | (Noaircraftassigned) 
HSC-3(FRS)Merlins | NAS Northlsland, California | MH-6OS SA 
Ce a as 
HSC-8 Eightballers INASNorth san, Calforia [M60 
HSC-12Golden Falcons |NAFAtsugi Japan | MH6OS NR 
| NG 



























































HSC-14Chagers NAS Northisland, California 
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NAS North Island, California 
HCS-25 Island HS end nig beetete 19) _ (SeeNote 10) | Andersen AFB,Guam | MH6OS RB 
HSC25Det6 [MCAS Iwakuni,Japar MH6OS RB 


HSCWP VTUAV Maintenance Det. NB Ventura County Point Mugu, MQ-8B/C 
California 


Commander, Patrol and Reconnaissance Group, Pacific (COMPATRECONGRUPAC) - NS Norfolk, Vi wirginita (see Note 11) 


VP-1 Screaming Eagles NAS Whidbey Island, Washington 
NAS Whidbey Island, Washington | P PDO 
NAS Whidbey Island, Washington __| P-8 
NAS Whidbey Island, Washington 
NAS Whidbey Island, Washington pak 
NAS Whidbey Island, Washington 


Commander, Strategic Communications Wing One ICOMSTRATCOMWING ONE) - Tinker AFB, Oklahoma (See Note 11) 

















TWS Tinker AFB, Oklahoma | (No aircraft assigned) ee 
VQ-3 Ironmen Tinker AFB, Oklahoma CB 





Travis AFB, California 
Det. Offutt Offutt AFB, Nebraska ee +i. S—S—S 
VQ-4 Shadows Tinker AFB, Oklahoma | E-6B 


Det. Patuxent River NAS Patuxent River, Maryland 







VQ-7 (FRS) Roughnecks (See Note12) Tinker AFB, Oklahoma (No aircraft assigned) 


ee Joint Strike he Wing eines. NAS Lemoore, California 


VFA-125'Rough Raiders INASLemoore,California | F35C NM 
VFA-147‘Argonauts’ SS |NASLemoore,California TF 35C NE 
——— ey 

a Strike sie mae ani Pacific ened NAS Lemoore, — 
VER2 Bouny Hunter; [NAS Lemoore alforia. [vaste 
NAS Lemoore, California 
VFA-22 Fighting Redcocks NAS Lemoore, tla F/AV8F NA 
VFA-25 Fist of the Fleet See eee 




















VFA-27 Royal Maces ~ MCAS erry Se | | F/A- 18E 

| VFA-41 Black Aces NAS Lemoore, California | F/A-18F . 
VFA-86 Sidewinders ~ NAS Lemoore, California ~ F/A-18E AG 

VFA-94 Mighty Shrikes NAS Lemoore, California | F/A-18F NA 
VFA-102 Diamondbacks ~ MCAS Iwakuni, Japan _ F/A-18F NF 

VFA-113 Stingers NAS Lemoore, a F/A- 18E 


Viactistoges SSSMCAS Maun Jopan rate SSS 
VFA-122 (FRS) Flying Eagles NASLemoore California F/AT8C/DEF IN 
VFA-151 Vigilantes 
waeacelieDagos ——_—_(NASLanere cla Fagen 





VFA-195 Dambusters MCAS ae Japan _F/A-18E 
Commander, Fleet Air Western Pacific/Commander Task Force Seven Two (COMFAIRWESTPAC/(CTF- — NAF Atsugi, Japan 
AOD _ NAF Atsugi, Japan _ UC-12F (8A) 
AOD NAF Misawa, Japan | UC-12F (8M) 
AOD | NAF Kadena, Okinawa _ UGE | (8H) 
VR-* Det. (See Note 14) NAF Atsugi, Japan C-130T/C-40A 


Commander, Seventh Fleet (COMSEVENTHELT) -— JB Pearl Harbor-Hickam, Hawaii 
Commander, Patrol and Reconnaissance Wing One (COMPATRECONWING ONE) - NAF Misawa, Japan 
Commander, Patrol and Reconnaissance Wing One Detachment Misawa (COMPATRECONWING ONE DET MISAWA) 


Task Group 72.4 NAF Misawa, Japan ee 
VP-10 Det. TDY (See Note 15) NAF Misawa, Japan 


Commander, Patrol and Reconnaissance Wing One Tactical Operations Center Kadena (COMPATRECONWING ONE TACOPSCEN KADENA) 


— NAF Kadena, Japan 
Task Group 72.2 NAF Kadena, Okinawa <3. —_______—_ 
VP-45 Det. TDY (See Note 16) _ NAF Kadena, Okinawa —-P-8A 
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VQ-1 Det. NAF Kadena, Okinawa EP-3E 


Task Group 72.8 NSF Diego Garcia, BIOT a 
VP- Det. (See Note 17) NSF Diego Garcia, BIOT 





Notes for manning, training and equipping the squadrons responsible for nuclear command 

1 NAWDC will receive F-16C/D in FY 2023 and an E-2D in 2025. and control communication. The command is dual-hatted as Task Force 124 (TF 124) 

2 VUQ-10 will be established at NB Ventura County Point Mugu on October 1,2021 asthe —= whichreports to Commander, US Strategic Command, and maintains operational 

FRS for the MQ-25A. control (OPCOM) over the squadrons that support the US Strategic Command Airborne 

3 VAW-115 will begin transition to E-2D in April 2022 Command Post, the Airborne Launch Control System, the Non-Strategic Nuclear Forces 
4\V/RM-30 was established 1 October 2018. Theater Commanders and the “Take Charge and Move Out” (TACAMO) Emergency Action 
4\V/RM-50 was established 1 October 2020 Message relay missions. 

5 ACCLOGWING VMMT Det 204 established 1 December 2016. Unit supports MV-22B 12 VQ-7 will receive an ex-RAF E-3D that has been purchased by the US Navy for 

training of US Navy aircrew and maintenance personnel. conversion into trainer for the TACAMO fleet. 

6 VAQ-144 will be established on October 1, 2021. 13 VFA-97 began transition to the F-35C in April 2021. Squadron made final F/A-18E flight 
7 Expeditionary Squadron. February 26, 2021.. 

8 HSM-79 will relocate to NS Rota, Spain in FY 2022. 14 Supported by deployed Naval Reserve squadrons. 

9 HSC-25 tasked by Commander Fleet Air Forward. 15 VP-10 began deployment in May 2021. 

10 COMPATRECONGRUPAC is dual-hatted command COMPATRECONGRU, 16 VP-45 began deployment in May 2021. 

11 COMSTRATCOMWING ONE is responsible for the administrative control (ADCON) 17 When required. 


COMMANDER, US FLEET FORCES COMMAND (COMUSFLTFORCOM) - NS VIRGINIA 


Wing/ Location Aircraft Tail 
wYetrLel cela Code 
Commander, Naval Air Force, Atlantic (COMNAVAIRLANT) - Chambers Field, NS Norfolk, Virginia 








NAS Key West, Florida 
Commander, eat ll Maritime Strike abi Atlantic SS NS Mayport, Florida (see Note 1) 


[HSMWsLTalons =| NSMayportFlorida | (Noaircraftassigned) | 
|HSM-40(FRS) Airwolves | NSMayport Florida | MHOOR TK 
{5M Det ARLANT SAR El [NSMayport,Florida | (Noaircraftassigned) | 
NAS Jacksorwile Florida MH6OR AG 
HSMs8Vipes NS Mayport ida MSR 
NAS Jacksonville, Florida MH6OR A 
HSM-72 Proud Warriors NAS Jacksonville, Florida MH-60R ——————— 
HSM-74 Swamp Fox NAS Jacksonville, Florida MH-60R 

Commander, Helicopter Sea Combat Wing, Atlantic (COMHELSEACOMBATWINGLANT) - Chambers Field, NS Norfolk, Virginia 
HSCWSL Chambers Field, NS Norfolk, Virginia (No aircraft assigned) 
HM-12 Sea ibid i Chambers Field, NS Norfolk, Virginia MH-53E ees 
Ca Field, NS Norfolk, Virginia 
Pohang AB, Republic of Korea CS 
Chambers Field, NS Norfolk, Virginia 
Chambers Field, NS Norfolk, Virginia 
Chambers Field, NS Norfolk, Virginia 
Chambers Field, NS Norfolk, Virginia 
Chambers Field, NS Norfolk, Virginia 
NAS Jacksonville, Florida 
HSC-22 Sea Knights Chambers Field, NS Norfolk, Virginia 
HSC-26 Chargers Chambers Field, NS Norfolk, Virginia | MH-60S | HW 
Chambers Field, NS Norfolk, Virginia 

Commander, Patrol and Reconnaissance Group (COMPATRECONGRU) - NS Norfolk, Virginia (see Note 2) 

CPRW-11 Det (see Note 3) NAS Patuxent River, Maryland Ro4Asts=“‘té‘s*‘ ‘(‘(S!t*zrSOOC~C~;~;tS 
(No aircraft assigned) See 
a Patrol and Reconnaissance Wing Eleven (COMPATRECONWING ELEVEN) - NAS ee Florida 
\PSMadfors | NASlacksovilg Fonda [POA A 
oe 
NAS Jacksonville, Florida ee 


VP-16 War Eagles NAS Jacksonville, Florida P-8A 
VP-26 Tridents NAS Jacksonville, Florida P-8A 
VP-45 Pelicans NAS Jacksonville, Florida P-8A 
VUP-19 Big Red NAS Jacksonville, Florida (MQ-4C) 
VUP-19 Det Mugu (see Note 5) NB Ventura County Point Mugu, 


California 


VUP-19 LRE Det. 5 NB Ventura County Point Mugu, 
California 


VUP-19 LRE Det. 7 Andersen AFB, Guam MQ-4C PE 
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Commander, Strike Fighter Wing, Atlantic (COMSTRIKFIGHTWINGLANT) - NAS Oceana, —_ 


NAS Oceana, Virginia 
Vici RedRippes~(NASOceana Vig —=SCS*~dAMQF SSB 
Cs ee rs | 
F/A-18F a 
NAS Oceana, Virgin 














| VFA-37 Bulls | NAS Oceana, Virginia -F/A-18E 
| VFA-81 Sunliners NAS Oceana, Virginia | F/A-18E fe 


| VFA-83 Rampagers NAS Oceana, tlle —F/A-18E 


VFA-87 Golden Warriors NAS Oceana Vigo FIRE 
VFA-103JollyRogers | NASOceana,Virginia ANSE AG 
NAS Oceana, Virginia 
VFA-106 (FRS) Gladiators 
NAS Oceana, Virginia 
NAS Oceana, Virginia 
NAS Oceana, Virginia 











VFA-131 Wildcats 








VFA-213 Black Lions _ | NAS Oceana, Virginia | F/A-18F 


Notes 

1 HSM-50 will be established at NS Mayport, Florida on October 1, 2021. 

2 COMPATRECGRU maintains ADCOM over COMPATRECONWING 10 and 11. 

3 Global Hawk UAS are forward deployed to USCENTCOM AOR. 

4\/PU-2 relocated from MCAS Kaneohe Bay, Hawaii, April 2020 and transitioned to the P-8A. Last VPU-2 P-3Cs delivered to 309th AMARG at Davis-Monthan AFB, Arizona in June 2020. 
5 VUP-19 Det. Mugu will relocate to Naval Station Mayport, Florida on April 1, 2022 





CHIEF OF NAVAL AIR TRAINING (CNATRA) —- NAS CORPUS CHRISTI, TEXAS 


NFDS Blue Angels(seeNote1) | NASPensacola,Florida | F/AN8E/RC13N | 
Training Air Wing One (TAW-1) - NAS Meridian, Mississippi 

NAS Meridian, Mississippi 

NAS Meridian, Mississippi 

TAW-1 Reserve Component (see Note 1) | NAS Meridian, Mississippi Csi‘ 

NAS Meridian, il ae aircraft as a 

VESSAU SSS “(UNAS Mercian Mississippi (Noaeraftassgned) ——~=S*S 


Training Air Wing Two —— NAS 7 Texas 


VT.-21 Redhawks NAS Kingsville, Texas TASC BO 

















VT-22 Golden Eagles NAS Kingsville, Texas 
TAW-2 Reserve Component (see Note 2) | NAS Kingsville, Texas 

VT-21 SAU NAS Kingsville, Texas (No aircraft assigned) 

VT-22 SAU NAS Kingsville, Texas (No aircraft assigned) 





G) |G) |G) 





G) 





G) 


No aircraft assigned 














No aircraft assigned 





a ee |S 





=, _—,, =, —, 

















| Training Air Wing Four (TAW-4) - NAS Corpus Christi, Texas 

ae Corpus Christi, Texas a 
via7tcomers NAS Copuschttows 68 
i Corpus Christ Texas TOG 
VT31WiseOwls NAS CorpusChristiTexas AAC 
in Corpus Christi, Texas TCG 
TAW-4 Reserve Component (see Note 2) | NAS Corpus Christi, Texas 

VT-27 SAU NAS Corpus Christi, Texas 

VT-28 SAU NAS Corpus Christi, Texas | ——— 
VT-31 SAU NAS Corpus Christi, Texas No aircraft assigned 
NAS Corpus Christi, Texas No aircraft assigned) ss 

Training Air Wing Five (TAW-5) - NAS Whiting Field, Florida 

NAS Whiting Field, Florida Fa -2 
NAS Whiting Field, Florida ———————. ee 
VT-6Shooters | NAS Whiting Field, Florida 
HT-8 Eight Ballers (see Note 2) NASWhiting Field Florida = THS7BCC 
HT-18 Vigilant Eagles NAS Whiting Field, Florida i a 
HT-28 Hellions | NAS Whiting Field, Florida 
HITU Bladerunners NAS Whiting Field, Florida TH-57B/C, TH-73A 
a Field, Florida re 
NAS Whiting Field, Florida Ee 
[NAS Whiting Field, Florida (Noaircraftassigned) 
NAS Whiting Field, Floride (Noaircraftassigned)) | 
Vissi) —*(NAS iting Fl Fons ————~(oatcratasigne) 
NAS Whiting Field, Flori (Noaircraftassigned) | 
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NAS Whiting Field, Florida (Noaircraftassigned) 
NAS Whiting Field, Florida (Noaircraftassigned) | 
Training Air Wing Six (TAW-6) - NAS Pensacola, Florida 
NAS Pensacola, Florida 
VT-10 Wildcats 
\VT-86Sabrehawks | NASPensacola,Florida = |TASC 
TANS Reserve Component (see Note 3) | NAS HS Pentel ————EE 
Vr4sAU NAS Pensacola,Florida | (Noaircraftassigned) 
CE ee ee 
NAS Pensacola, Florida (No aircraft assigned) | 


























Notes 
1 VFA-204 will reportedly transition to F-16C/D as an aggressor squadron in FY 2023. 3 Personnel support training conducted by the Fleet Readiness Squadron. 
2 Expeditionary Squadron. 4 CFLSW ETD SIG C-20G retired December 2020. Unit was deactivated. 


Pepe to edi NAVY RESERVE FORCES (COMNAVRESFOR) - NS NORFOLK, 





Commander, Naval Air Force Reserve (COMNAVAIRFORRES) - NS Norfolk Virginia 





Wing/ Location Aircraft Tail 
Squadron Code 

Commander, Tactical Support Wing (COMTACSUPWING) - NAS JRB Fort Worth, Texas 
VFA-204 River Rattlers (see Note1) NAS JRB New Orleans, Louisiana F/A-18C/D 





VAQ-209 Star Warriors (see Note 2) | NAS Whidbey Island, Washington EA-18G ee 
NAS Oceana, Virginia F/A-18E/F AR 


VFC-12 Fighting Omars 
NAS Fallon, Nevada 
VFA-106SAU(seeNote3) | NASOceana,Virginia | (Noaircraftassigned) | 
VAQ-129SAU(seeNote3) | NASWhidbeylsland,Washington _| (Noaircraftassigned) | 





Chambers Field, NS Norfolk, Virginia (No aircraft assigned) en 
VP-30 SAU (see Note 3) NAS Jacksonville, Florida (No aircraft assigned) SS a) 
HSC-3 SAU (see Note 3) NAS North Island, California (No aircraft assigned) 


| Commander, Fleet Logistic Support Wing (COMFLETLOGSUPPWING) - NAS JRB Fort Worth, Texas (see Note 4) 
CFLSW ETD PAC JB Pearl Harbor-Hickam, Hawaii C-37A 


JB Andrews-NAF Washington, Maryland 
MCAS Kaneohe Bay, Hawai 
JB Andrews-NAF Washington, Maryland 
NAS JRB New Orleans, Louisiana 


VR-55 Minutemen NB Ventura County Point Mugu, KC/KC- 1307-30 
California 




















VR-56 Globemasters NAS Oceana, Virginia (JU) 
VR-57 Conquistadors NAS North fence SalI C-40A (RX) 





VR-59 Lone Star Express NAS JRB Fort Worth Texas C-40A (RY) 
VR-61 Islanders NAS Whidbey Island, Washington C-40A (RS) 

/VR-62 Nomads NAS Jacksonville, Florida C-130T, KC-130T JW 
VR-64 Condors JB McGuire-Dix-Lakehurst, New Jersey ©-130T BD 


Commander, Maritime Support Wing (COMMARSUPWING) - NAS North Island, California 


NAS Whidbey Island, Washington 





Notes 
1 VFA-204 will reportedly transition to F-16C/D as an aggressor squadron in FY 2023. 3 Personnel support training conducted by the Fleet Readiness Squadron. 
2 Expeditionary Squadron. 4 CFLSW ETD SIG C-20G retired December 2020. Unit was deactivated. 


ABBREVIATIONS as Air Base ACCLWS Airborne Command & Control Logistics Wing Weapons System Training School ADCON Administrative Control AEAWS Airborne Electronic Attack Weapons School AFB Air Force Base AIRLANT SAR Eval. Unit Naval 
Air Force Atlantic Search & Rescue Evaluation Unit AOD Air Operations Department AP Airport ASD Aviation Support Division ATMO Atlantic Targets and Marine Operations AUTEC Atlantic Underwater Test and Evaluation Center BIOT British Indian Ocean Territory 
CAEWWS Carrier Airborne Early Warning Weapons School CFLSW Commander Fleet Logistic Support Wing CSL Cooperative Security Location Det./DET Detachment EAWS Electronic Attack Weapons School ETD Executive Transport Department FITU Fixed Wing 
Instructor Training Unit FOL Forward Operating Location FRS Fleet Replacement Squadron FSU Fleet Support Unit HSMWSL Helicopter Maritime Strike Weapons School Atlantic HSMWSP Helicopter Maritime Strike Weapons School Pacific HSCWSL Helicopter Sea 
Combat Weapons School Atlantic HSCWSP Helicopter Sea Combat Weapons School Pacific HITU Helicopter Instructor Training Unit HM Helicopter Mine Countermeasures Squadron HSC Helicopter Sea Control Squadron HSCWP VTUAV Maint. Det. Helicopter Sea 
Combat Wing Pacific VTUAV Maintenance Detachment HSM Helicopter Maritime Strike Squadron HT Helicopter Training Squadron HX Air Test & Evaluation Squadron IAP International Airport JB Joint Base JRB Joint Reserve Base LRE Launch Recovery Element MCAS 
Marine Corps Air Station MPRWS Maritime Patrol and Reconnaissance Weapons School NAF Naval Air Facility NAS Naval Air Station NASC-FSD Naval Air Systems Command - Flight Support Detachment NAWC Naval Air Warfare Center NAWDC Naval Aviation Warfare 
Development Center NAWS Naval Air Weapons Station NB Naval Base NFDS Naval Flight Demonstration Squadron NOLF Naval Outlying Field NS Naval Station NSA Naval Support Activity NSF Naval Support Facility NSWC Naval Surface Weapons Center NTPS Naval 
Test Pilot School PMRF Pacific Missile Range Facility PTMO Pacific Targets and Marine Operations RWWS Rotary Wing Weapons School SAU Squadron Augmentation Unit SFWSL Strike Fighter Weapons School Atlantic SFWSP Strike Fighter Weapons School Pacific TWS 
TACAMO Weapons School TAW Training Air Wing UAS Unmanned Air System USNR United States Naval Reserve USNTPS US Naval Test Pilot School UX Air Test & Evaluation Squadron (Unmanned) VAQ Electronic Attack Squadron VAW Airborne Command and Control 
Squadron VFA Strike Fighter Squadron VFC Fighter Composite Squadron VP Patrol Squadron VPU Special Projects Patrol Squadron VQ Fleet Air Reconnaissance Squadron VR Fleet Logistic Support Squadron VRC Fleet Logistic Support Squadron (Composite) VRM Fleet 
Logistics Multi-Mission Squadron VT Training Squadron VTUAV Vertical Takeoff and Landing Tactical Unmanned Air Vehicle VUP Unmanned Patrol Squadron VX Air Test & Evaluation Squadron VXS Scientific Development Squadron 
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Commander, Naval Air Force Reserve (COMNAVAIRFORRES) - NS Norfolk Virginia 
Wing/ Location Aircraft Tail 





“wea Code 


NAS Patuxent River, Maryland UC-12B, MH-60S 


NASC-FSD (NAWC 23) Dallas Love Field Airport, Texas Cn 


Naval Air Warfare Center Aircraft Division (NAWCAD) - NAS Patuxent River, Maryland 


Commander, Naval Test Wing Atlantic - 
NAS Patuxent River, Maryland 





VX-20 Force NAS Patuxent River, Maryland UC-12M, C-38A, C-130T, KC-130T/J, 
E-2D, E-6B, MQ-4C, P-8A, T-6A 


HX-21 ‘Blackjack’ NAS Patuxent River, Maryland UH-1Y, AH-1Z, TH-57C, MV-22B, NSH- 









60F, MH-60R/S, CH-53E/K, CMV-22B, 
VH-92A 


VX-23 ‘Salty Dogs’ NAS Patuxent River, Maryland | F/A-18C/D/E/E, NF/A-18C/D,T-45C, | SD 
NEA/EA-18G, F-35B/C 
UX-24'Ghost Riders’ NOLF Webster Field RQ-21A,RQ-26A,MQ-8B/C,Aerostar | | 


C-12C, F/A-18F, T-6B, T-38C, NU-1B, 


US Naval Test Pilot School NAS Patuxent River, Maryland U-6A, OH-58C, UH-60A+/L, X-26A, UH- 
72A, C-26A 


Naval Air Warfare Center Weapon Division (NAWCWD) - NAWS China Lake, California 
Commander, Naval Test Wing Pacific - NB Ventura County Point Mugu, California 


VX-30 Bloodhounds (see Note 1) NB Ventura County Point Mugu, NP/P-3C, KC-130T, E-2D, NC-20G 
California 
VX-31 Dust Devils (see Note 1) NAWS China Lake, California F/A-18C/D/E/F, NEA/EA-18G, AV-8B+, oe 
MH-60S 


Notes 
1 VX-30 will also operate a single NC-37B when the aircraft modifications are completed. 











Threat/Target Systems Dept. —- NB Ventura County Point Mugu, California 


ATMO Division NAS Patuxent River, Maryland ay ay 


ATMO Norfolk Det. NS Norfolk, Virginia BOQM-74E 


Wing/ Location Aircraft Tail 





Squadron ole (= 
Naval Undersea Warfare Center Division (NUWC) - Newport, Rhode Island 
Atlantic Undersea Test & Evaluation Center (AUTEC) - Andros Island, Bahamas 
AUTEC Det. (see Note 1) S-61N SS] 
Notes . : 
1 Two S-61Ns operated under contract by PAE Applied Technologies 
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